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(57) ABSTRACT 

The invention relates to the 6-cycloamino-3-(pyridin-4-yl) 
imidazo I.2-bipyridazine derivatives corresponding to gen 
eral formula (I): 

(I) 
Rs 

neS2N 
R N / 

--- 
L-B Z \ 

S. R3 
N 

Wherein R. R. R. R. A. L and B areas defined herein. Also 
disclosed are the preparative methods and therapeutic use 
thereof. 
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6-CYCLOAMINO-3-(PYRID-4-YL)IMIDAZO1, 
2-B PYRIDAZINE DERIVATIVES, 
PREPARATION THEREOF AND 
THERAPEUTIC USE THEREOF 

0001. This application is a continuation of International 
application No. PCT/FR2008/000,902, filed Jun. 26, 2008, 
which is incorporated herein by reference in its entirety: 
which claims the benefit of U.S. Provisional Application No. 
60/946,785, filed Jun. 28, 2007, and the benefit of priority of 
French patent application Ser. No. 07/04,661, filed Jun. 28, 
2007. 
0002 The present invention relates to 6-cycloamino-3- 
(pyrid-4-yl)imidazo 1.2-bipyridazine derivatives, to a pro 
cess for preparing them and to their therapeutic use, in the 
treatment or prevention of diseases involving casein kinase 1 
epsilon and/or casein kinase 1 delta. 
0003. One subject of the present invention is compounds 
corresponding to the general formula (I) 

Rs 

R7 21 2N. 
R2 

s-s-s-K f 
NB 

in which 
0004 R represents an aryl group optionally substituted 
with one or more Substituents chosen from halogen 
atoms and the groups C alkyl, C- alkyloxy, C. 
fluoroalkyl, C-fluoroalkyloxy and —CN: 

0005 R represents a hydrogen atom or a group C 
alkyl, —NRRs, hydroxyl or C. alkyloxy; 

0006. A represents a group C-alkylene optionally 
Substituted with one or two groups R; 

0007 B represents a group C-alkylene optionally 
Substituted with a group R, 

0008 L represents either a nitrogen atom optionally 
Substituted with a group R or R, or a carbon atom 
Substituted with a group R and a group R or two 
groups Re2; 

the carbonatoms of A and B being optionally substituted with 
one or more groups Ra which may be identical to or different 
than each other; 
0009 R. R., and R are defined such that: 
0010 two groups R may together form a group C 
alkylene; 

0011 R, and R, may together form a bond or a group 
Co-alkylene; 

I0012 R and R may together form a bond or a group 
Co-alkylene; 

0013 R, and R may together form a bond or a group 
C-alkylene; 

0014 R represents a group chosen from a hydrogenatom 
and the groups Co-alkyl, C-7-cycloalkyl, C-7-cy 
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cloalkyl-C-alkyl, C-alkylthio-C-alkyl, C-alky 
loxy-C-alkyl, C-fluoroalkyl, benzyl, C-acyl and 
hydroxy-C-alkyl, 

0015 R represents a group —NRRs or a cyclic 
monoamine optionally comprising an oxygen atom, the 
cyclic monoamine being optionally substituted with one or 
more Substituents chosen from a fluorine atom and the 
groups C-alkyl, C-alkyloxy and hydroxyl; 

0016 two groups R form, with the carbon atom that 
bears them, a cyclic monoamine optionally comprising an 
oxygenatom, this cyclic monoamine being optionally Sub 
stituted with one or more groups Ra which may be identical 
to or different than each other; 

10017 R, represents a group Co-alkyl, C-7-cycloalkyl, 
C-7-cycloalkyl-C-alkyl, Co-alkyloxy-C6-alkyl, 
hydroxy-C-alkyl, C-fluoroalkyl or benzyl; 

0018 Ra and Rs represent, independently of each other, a 
hydrogen atom or a group C alkyl, C-7-cycloalkyl or 
C-7-cycloalkyl-C-alkyl; 
0.019 R, and Rs represent, independently of each other, 
a hydrogen atom or a group C1-c-alkyl. 

0020. The compounds of formula (I) may comprise one or 
more asymmetric carbon atoms. They may thus exist in the 
form of enantiomers or diastereoisomers. These enantiomers 
and diastereoisomers, and also mixtures thereof, including 
racemic mixtures, form part of the invention. 
0021. The compounds of formula (I) may also exist in the 
form of hydrates or Solvates, i.e. in the form of associations or 
combinations with one or more water molecules or with a 
solvent. Such hydrates and solvates also form part of the 
invention. 
0022. In the context of the invention, the following defi 
nitions apply: 

0023 C, in which t and Z may take values from 1 to 7: 
a carbon-based chain possibly containing from t to Z. 
carbon atoms, for example C-7 is a carbon-based chain 
that may contain from 1 to 7 carbon atoms; 

0024 alkyl: a linear or branched, saturated aliphatic 
group: for example a group C-alkyl represents a linear 
or branched carbon-based chain of 1 to 6 carbonatoms, 
for example a methyl, ethyl, propyl, isopropyl, butyl, 
isobutyl, tert-butyl, pentyl or hexyl, 

0.025 alkylene: a linear or branched, saturated divalent 
alkyl group, for example a group C-alkylene repre 
sents a linear or branched divalent carbon-based chain of 
1 to 6 carbon atoms, for example a methylene, ethylene, 
1-methylethylene or propylene; 

0026 cycloalkyl: a cyclic alkyl group, for example a 
group C-7-cycloalkyl represents a cyclic carbon-based 
group of 3 to 7 carbonatoms, for example a cyclopropyl. 
cyclobutyl, cyclopentyl, cyclohexyl or cycloheptyl: 

0027 acyl: a group alkyl-C(O)—; 
0028 hydroxyl: a group —OH: 
0029 cyclic monoamine: a saturated cyclic carbon 
based chain comprising 1 nitrogen atom; 

0030 hydroxyalkyl: an alkyl group in which a hydro 
gen atom has been replaced with a hydroxyl group; 

0.031 alkyloxy: a group —O-alkyl: 
0.032 alkylthio: a group —S-alkyl: 
0033 fluoroalkyl: an alkyl group in which one or more 
hydrogen atoms have been replaced with a fluorine 
atom; 

0034 fluoroalkyloxy: an alkyloxy group in which one 
or more hydrogenatoms have been replaced with a fluo 
rine atom; 

0035 a halogen atom: a fluorine, chlorine, bromine or 
iodine atom; 
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0036) aryl: a monocyclic or bicyclic aromatic group 
containing between 6 and 10 carbonatoms. Examples of 
aryl groups that may be mentioned include phenyl and 
naphthyl groups. 

0037. As nonlimiting examples of cyclic amines or 
diamines formed by N. A. L and B, mention may be made 
especially of aziridine, aZetidine, pyrrolidine, piperidine, 
azepine, morpholine, thiomorpholine, homopiperidine, 
decahydroquinoline, decahydroisoquinoline, azabicyclohep 
tane, azabicyclooctane, azabicyclononane, azaoxobicyclo 
heptane, azathiabicycloheptane, azaoxobicyclooctane, aza 
thiabicyclooctane; piperazine, homopiperazine, 
diazacyclooctane, diazacyclononane, diazacyclodecane, 
diazacycloundecane, octahydropyrrolopyrazine, octahydro 
pyrrolodiazepine, octahydropyrrolopyrrole, octahydropyr 
rolopyridine, decahydronaphthyridine, diazabicycloheptane, 
diazabicyclooctane, diazabicyclononane, diazaspiroheptane, 
diazaspirooctane, diazaspirononane, diazaspirodecane, dia 
Zaspiroundecane and oxadiazaspiroundecane. 
0038 Among the compounds of general formula (I) that 
are subjects of the invention, a first group of compounds is 
constituted by the compounds for which R represents a phe 
nyl group optionally Substituted with one or more substitu 
ents chosen from halogen atoms and the groups C alkyl, 
C. alkyloxy and C fluoroalkyl; 
R. A. L. B. R., and Rs being as defined above. 
0039. Among the compounds of general formula (I) that 
are subjects of the invention, a second group of compounds is 
constituted by the compounds for which R, represents a phe 
nyl group optionally Substituted with one or more substitu 
ents chosen from fluorine and chlorine atoms and methyl, 
methoxy and trifluoromethyl groups; 
R. A. L. B. R., and Rs being as defined above. 
0040. Among the compounds of general formula (I) that 
are subjects of the invention, a third group of compounds is 
constituted by the compounds for which R represents a 
group chosen from a hydrogen atom and a group C alkyl, 
C. alkyloxy or —NRRs; R and Rs represent a hydrogen 
atom or a group C-alkyl, 
R. A. L. B. R., and Rs being as defined above. 
0041 Among the compounds of general formula (I) that 
are subjects of the invention, a fourth group of compounds is 
constituted by the compounds for which R represents a 
group chosen from a hydrogenatom and a methyl or methoxy 
group; 
R. A. L. B. R., and Rs being as defined above. 
0042 Among the compounds of general formula (I) that 
are Subjects of the invention, a fifth group of compounds is 
constituted by the compounds for which R represents a 
group chosen from —NH, methylamino and dimethy 
lamino; 
R. A. L. B. R., and Rs being as defined above. 
0043 Among the compounds of general formula (I) that 
are Subjects of the invention, a sixth group of compounds is 
constituted by the compounds for which R represents a 
group chosen from —NH and dimethylamino; 
R. A. L. B. R., and Rs being as defined above. 
0044 Among the compounds of general formula (I) that 
are Subjects of the invention, a seventh group of compounds is 
constituted by the compounds for which R, and Rs represent, 
independently of each other, a hydrogen atom or a methyl 
group; 

R. R. A., L, B, being as defined above. 
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0045 Among the compounds of general formula (I) that 
are Subjects of the invention, an eighth group of compounds is 
constituted by the compounds for which: 

0046. A represents a group C-2-alkylene; 
0047 B represents a group C2-alkylene: 
0.048 L represents a carbon atom substituted with a 
group R and a group R. 

0049 R represents a hydrogen atom; 
0050 R represents a group NRRs, in which R and Rs 
independently represent a group C-alkyl, or alternatively 
R represents a cyclic monoamine optionally comprising an 
oxygen atom, the monoamine being optionally Substituted 
with one or more groups chosen from a fluorine atom and the 
groups hydroxyl and C-alkyl; 

0051 R. R. R., and Rs being as defined above. 
0.052 Among the compounds of general formula (I) that 
are subjects of the invention, a ninth group of compounds is 
constituted by the compounds for which: 

0.053 A represents a group —CH : 
0.054 B represents a group —CH or —CH : 
0.055 L represents a carbon atom substituted with a 
group R and a group R. 

0056 R represents a hydrogen atom; 
0057 R represents a group chosen from the groups 
dimethylamino, pyrrolidinyl, morpholinyl, dimethyl 
morpholinyl, fluoropyrrolidinyl, hydroxypyrrolidinyl: 

0.058 R. R. R., and Rs being as defined above. 
0059 Among the compounds of general formula (I) that 
are Subjects of the invention, a tenth group of compounds is 
constituted by the compounds for which: 

0060 the cyclic amine formed by -N-A-L-B-represents 
a (it)-3-dimethylaminopyrrolidin-1-yl 4-(pyrrolidin-1- 
yl)piperid-1-yl 4-(morpholin-4-yl)piperid-1-yl 4-(2,6- 
dimethylmorpholin-4-yl)piperid-1-yl 4-dimethylami 
nopiperid-1-yl 4-((R)-3-fluoropyrrolidin-1-yl)piperid 
1-yl or 4-(3-hydroxypyrrolidin-1-yl)piperid-1-yl: 

R. R. R., and Rs being as defined above. 
0061 Among the compounds of general formula (I) that 
are Subjects of the invention, an eleventh group of compounds 
is constituted by the compounds for which: 

0062. A represents a group C 7-alkylene; 
0063 B represents a group C-alkylene; 
0.064 L represents a carbon atom substituted with a 
group R and a group R. 

0065 R represents a hydrogen atom; 
0.066 R represents a group NRRs, in which Ra and 
Rs represent, independently of each other, a group C 
alkyl; or alternatively R represents a cyclic monoam 
ine optionally comprising an oxygen atom, the 
monoamine being optionally Substituted with one or 
more groups chosen from the groups hydroxyl and C 
alkyl: 

0067. R. R. R., and Rs being as defined above. 
0068 Among the compounds of general formula (I) that 
are subjects of the invention, a twelfth group of compounds is 
constituted by the compounds for which: 

0069. A represents a group —CH : 
0070 B represents a group —CH or —CH2—, 
0071 L represents a carbon atom substituted with a 
group R and a group R. 

0.072 R represents a hydrogen atom; 
0.073 R represents a group chosen from dimethy 
lamino, pyrrolidinyl, morpholinyl, dimethylmorpholi 
nyl and hydroxypyrrolidinyl groups; 
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0074 R. R. R., and Rs being as defined above. 
0075 Among the compounds of general formula (I) that 
are Subjects of the invention, a thirteenth group of compounds 
is constituted by the compounds for which: 

0076 the cyclic amine formed by -N-A-L-B- represents 
a (it)-3-dimethylaminopyrrolidin-1-yl 4-(pyrrolidin-1- 
yl)piperid-1-yl 4-(morpholin-4-yl)piperid-1-yl 4-(2,6- 
dimethyl morpholin-4-yl)-piperid-1-yl 4-dimethylami 
nopiperid-1-yl or 4-(3-hydroxypyrrolidin-1-yl)piperid 
1-yl; 

R. R. R., and Rs being as defined above. 
0077. Among the compounds of general formula (I) that 
are subjects of the invention, a fourteenth group of com 
pounds is constituted by the compounds for which: 

0078. A represents a group C-alkylene optionally 
Substituted with one or two groups R; 

0079 B represents a group C-alkylene optionally 
Substituted with a group R: 

0080 L represents a nitrogen atom optionally substi 
tuted with a group R or R, the carbonatoms of A and B 
being optionally substituted with one or more groups Ra 
which may be identical to or different than each other; 

0081 two groups R may together form a group C 
alkylene; 

I0082 R and R, may together form a bond or a group 
C-alkylene; 

I0083) R, and R may together form a bond or a group 
C-alkylene; 

I0084 R, and R may together form a bond or a group 
Co-alkylene; 

I0085 R. represents a substituent chosen from a group 
Co-alkyl, C-7-cycloalkyl, C-7-cycloalkyl-C6-alkyl, 
hydroxy-C-alkyl, C-alkyloxy-C-alkyl, C 
fluoroalkyl, benzyl or C-acyl: 

I0086) R, represents a group Co-alkyl; hydroxy-Cio 
alkyl or fluoro-C-alkyl R. R. R., and Rs being as 
defined above. 

0087 Among the compounds of general formula (I) that 
are subjects of the invention, a fifteenth group of compounds 
is constituted by the compounds for which: 

I0088 the cyclic amine formed by -N-A-L-B- represents 
a piperazinyl, a diazepanyl, hexahydropyrrolopyrazinyl, 
diazabicycloheptyl, octahydropyrrolodiazepinyl, diaz 
abicyclononyl, hexahydropyrrolopyrrolyl, octahydro 
pyrrolopyridinyl, decahydronaphthyridinyl or diaza 
spirodecyl, optionally substituted with one or more 
groups chosen from methyl, ethyl, isopropyl, butyl, 
cyclopropyl, cyclohexyl, hydroxymethyl, hydroxyethyl, 
(hydroxymethyl)propyl. (hydroxymethyl)butyl, meth 
oxyethyl, fluoromethyl, fluoroethyl, trifluoroethyl, 
acetyl, isobutyryl and benzyl groups; 

R. R. R., and Rs being as defined above. 
0089 Among the compounds of general formula (I) that 
are subjects of the invention, a sixteenth group of compounds 
is constituted by the compounds for which: 

0090 the cyclic amine formed by -N-A-L-B- represents 
a piperazin-1-yl, 3-methylpiperazin-1-yl 4-methylpip 
erazin-1-yl, 3.3-dimethylpiperazin1-yl, 3,4-dimeth 
ylpiperazin-1-yl, cis-3,5-dimethylpiperazin-1-yl 4-(2- 
hydroxyethyl)piperazin-1-yl, 4-(2-methoxyethyl) 
piperazin-1-yl 4-(2-fluoroethyl)piperazin-1-yl 4-(2.2, 
2-trifluoroethyl)piperazin-1-yl, 
4-cyclopropylpiperazin-1-yl 4-isopropylpiperazin-1- 
y1, 4-(2-hydroxy-2-methylpropyl)piperazin-1-yl 4-n- 
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butylpiperazin-1-yl 4-(3-hydroxy-3-methylbutyl)pip 
erazin-1-yl, cyclohexylpiperazin-1-yl, 
4-acetylpiperazin-1-yl 4-isobutyrylpiperazin-1-yl, (+)- 
hexahydropyrrolo 1,2-alpyrazin-2-yl, (S)-hexahydro 
pyrrolo 1,2-alpyrazin-2-yl, (1S,4S)-2,5-diazabicyclo 
2.2.1]hept-2-yl, 1 (S.4S)-5-benzyl-2,5-diazabicyclo[2. 
2.1]hept-2-yl, (1S,4S)-5-(2-hydroxyethyl)-2,5- 
diazabicyclo2.2.1]hept-2-yl, 5-isopropyl-2,5-diaza2. 
2.1]hept-2-yl 4-methyl-1,4-diazepan-1-yl, (+)- 
octahydropyrrolo 1,2-d1.4diazepin-3-yl, 1,4- 
diazabicyclo3.3.2 non-4-yl, (+)-3,6-diazabicyclo[3.2. 
Ohept-3-yl, hexahydropyrrolo3.4-bipyrrol-5(1H)-yl, 
hexahydropyrrolo3.4-cpyrrol-2(1H)-yl, 5-benzyl 
hexahydropyrrolo3.4-cpyrrol-2(1H)-yl, 5-cyclopro 
pylhexahydropyrrolo 3,4-cpyrrol-2(1H)-yl, 5-isopro 
pylhexahydropyrrolo 3,4-cpyrrol-2(1H)-yl, 
octahydro-6H-pyrrolo3.4-bipyrid-6-yl, (t)-(cis)- 
decahydroI2,6-naphthyridin-2-yl, 3-ethylpiperazin-1- 
y1, 3,3-diethylpiperazin-1-yl, 3-fluoromethylpiperazin 
1-yl. 4-(3-hydroxymethyl)piperazin-1-yl, 3-(1- 
hydroxy-1-methylethyl)piperazin-1-yl, 3-isopropyl 
piperazin-1-yl, (1R,5R)-3,6-diazabicyclo[3.2.0]hept-2- 
y1, 5-methyl-2,5-diazabicyclo[2.2.1]hept-2-yl, 1-((1S, 
4S)-(2,5-diazabicyclo[2.2.1]hept-2-yl)-2-methylpro 
pan-2-ol. 3,6-diazabicyclo[3.1.1 hept-3-yl, 
5-methylhexahydropyrrolo3.4-cpyrrol-2(1H)-yl, (+)- 
hexahydropyrrolo3.4-bipyrrol-5(1H)-yl, (+)-hexahy 
dropyrrolo 3,4-bipyrrol-5(1H)-yl, (-)-hexahydropyr 
rolo 3,4-bipyrrol-5(1H)-yl, (4aS,7aS)- 
octahydropyrrolo3.4-bipyrid-6-yl or 6,9-diazaspiro4. 
5dec-9-yl: 

R. R. R., and Rs being as defined above. 
0091 Among the compounds of general formula (I) that 
are Subjects of the invention, a seventeenth group of com 
pounds is constituted by the compounds for which: 

0092 A represents a group C-2-alkylene optionally 
Substituted with one or two groups R; 

0.093 B represents a group C-alkylene optionally 
Substituted with a group R, 

0094 L represents a nitrogen atom optionally substi 
tuted with a group R or R, the carbon atoms of A and B 
being optionally substituted with one or more identical 
or different groups R. 

0.095 R, and R, may together form a bond or a group 
C-alkylene; 

0.096 R, and R may together form a bond or a group 
Co-alkylene; 

0097 R, and R may together form a bond or a group 
Co-alkylene; 

0.098 R represents a substituent chosen from the 
groups C6-alkyl, C-7-cycloalkyl, C-7-cycloalkyl-C- 
6-alkyl, hydroxy-C-alkyl, C-alkyloxy-C-alkyl, 
C-fluoroalkyl, benzyl and C-acyl: 

I0099 R, represents a group Co-alkyl: 
R. R. R., and Rs being as defined above. 
0100 Among the compounds of general formula (I) that 
are Subjects of the invention, an eighteenth group of com 
pounds is constituted by the compounds for which: 

0101 the cyclic amine formed by -N-A-L-B-represents 
a piperazinyl, a diazepanyl, hexahydropyrrolopyrazinyl, 
diazabicycloheptyl, octahydropyrrolodiazepinyl, diaz 
abicyclononyl, hexahydropyrrolopyrrolyl, octahydro 
pyrrolopyridinyl or decahydronaphthyridinyl, option 
ally substituted with one or more groups chosen from 
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-continued 
Rs 

R NaN2N 
R N - N/ 

- S. 
L-B Z \ 

Sa. R3 
N 

(I) 

X M 

S. R / Route 3 Route 4 (). R3 
N N 

(IVd) (IVc) 

Rs Rs 

R R NaN2N NaN2N 
R2 R2 N X- N - N/ 

A-N N1 A-N N1 
X 

L-B L-B 

(IId) (Ic) 

0373) In the text hereinbelow, the term “leaving group' 0376. The reaction may be performed by heating the 
means a group that can be readily cleaved from a molecule by 
breaking a heterolytic bond, with loss of an electron pair. This 
group may thus be readily replaced with another group during 
a Substitution reaction, for example. Such leaving groups are, 
for example, halogens oran activated hydroxyl group Such as 
amesyl, tosyl, triflate, acetyl, etc. Examples of leaving groups 
and references for preparing them are given in "Advances in 
Organic Chemistry”, J. March, 3' Edition, Wiley Inter 
science, pp. 310-316. 

Scheme 1, Route 1: Introduction of the Amine 
0374. In general, and as illustrated in Scheme 1, the 
6-amino-3-pyrid-4-ylimidazo[1,2-bipyridazine derivatives 
of general formula (I) in which R. R. A. L. B. R., and Rs are 
as defined above may be prepared from a 3-pyrid-4-ylimidazo 
1,2-bipyridazine derivative of general formula (IIa), in 
which R. R. R., and Rs are as defined above and X repre 
sents a leaving group Such as a halogen, by treatment with an 
amine of general formula (IIIa) in which A. L and B are as 
defined above. This reaction may be performed by heating the 
reagents in a polar solvent Such as dimethyl sulfoxide or 
aliphatic alcohols, for example pentanol. 

Scheme 1, Route 2: Construction of the Heterocycle 
0375. The 6-amino-3-pyrid-4-ylimidazo 1.2-bpy 
ridazine derivatives of general formula (I) in which R. R. A. 
L. B. R., and Rs are as defined above may also be prepared by 
condensation between a pyridazin-3-ylamine derivative of 
general formula (Vb) in which A. L. B. R., and Rs are as 
defined above and a 2-bromo-2-(pyrid-4-yl)ethan-1-one 
derivative of general formula (VIb) in which RandR areas 
defined above. 

reagents in a polar solvent Such as aliphatic alcohols, for 
example ethanol or butanol. 
Scheme 1, Route 3: Introduction of Pyridine Metal-Catalyzed 
C—H Arylation 
0377 The 6-amino-3-pyrid-4-ylimidazo 1.2-bpy 
ridazine derivatives of general formula (I) in which R. R. A. 
L. B. R., and Rs are as defined above may also be prepared 
from a 6-aminoimidazo 1.2-bipyridazine derivative of gen 
eral formula (IId) in which R. A. L. B. R., and Rs are as 
defined above, by metal-catalyzed C H arylation with a 
4-iodopyridine of general formula (IVd) in which R is as 
defined above and X represents an iodine atom. This coupling 
may be performed in the presence of a catalyst Such as palla 
dium acetate and of a mineral base Such as potassium carbon 
ate, and inapolar aprotic solvent Such as dimethylformamide. 
Scheme 1, route 4: Introduction of Pyridine Coupling of 
“Stille” or “Suzuki Type 
0378. The 6-amino-3-pyrid-4-ylimidazo 1.2-bpy 
ridazine derivatives of general formula (I) in which R. R. A. 
L. B. R., and Rs are as defined above may also be prepared 
from a 6-amino-3-iodo- or 3-bromo-imidazo 1.2-bpy 
ridazine derivative of general formula (Ic), in which R. A. L. 
B. R and Rs areas defined above and X represents abromine 
oriodine atom, via coupling under Stille or Suzuki conditions 
with a stannane or a pyridine boronate of general formula 
(IVc) in which R is as defined above and M represents a 
trialkylstannyl group, usually a tributylstannyl group or a 
dihydroxyboryl or dialkyloxyboryl group, usually a 4.4.5.5- 
tetramethyl-1,3,3,2-dioxaborolan-2-yl group. 
0379 The couplings according to the Stille method are 
performed, for example, by heating in the presence of a cata 
lyst Such as tetrakis(triphenylphosphine)palladium or copper 
iodide in a solvent such as N,N-dimethylacetamide. 
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0380. The couplings according to the Suzuki method are 
performed, for example, by heating in the presence of a cata 
lyst such as 1,1'-bis(diphenylphosphino)ferrocenedichloro 
palladium and of a mineral base Such as cesium carbonate in 
a solvent mixture Such as tetrahydrofuran and water. 

Particular Synthetic Strategies 
0381 1. Synthetic Strategy when R-H, Alkyl 

Z 
Rs O), 

R. -- 
A-N N A-N --- L-B L-B 

(IId) 

0382 
3-pyrid-4-ylimidazo 1,2-bipyridazine derivatives of general 
formula (I) in which R. A. L. B. R., and Rs are as defined 
above, and in which R represents a hydrogenatom or a group 

Specifically, according to Scheme 2, the 6-amino 

C-alkyl, may be prepared in two steps from a 6-aminoimi 
dazo[1,2-bipyridazine derivative of general formula (IId) as 
defined above. 

0383 
ridazine derivative of general formula (IId) with a mixture of 

Thus, the reaction of a 6-aminoimidazol-2-bpy 

a pyridine derivative of general formula (IVe) in which R 
represents a hydrogen atom or a group C-alkyl, and of an 
alkyl chloroformate, for example ethyl chloroformate, leads 
to the derivative of general formula (IIe) in which R, A, L, B, 
R, and Rs are as defined above and in which Rs represents a 

Rs 

R7 21 N N R7 21 N 
e (IVe) e R 

S. X- s 
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hydrogen atom or a group C-alkyl. The derivative of gen 
eral formula (IIe) is then oxidized using ortho-chloranil in a 
Solvent such as toluene to give the 6-amino-3-pyrid-4-ylimi 
dazo[1,2-bipyridazine derivatives of general formula (I) in 
which R. A. L. B. R., and Rs are as defined above and in 
which R represents a hydrogen atom or a group C-alkyl. 
2. Synthetic Strategies when RNH, NH C alkyl, 
N(-C alkyl)(C. alkyl), hydroxyl, C-alkyloxy. 

R3 
N 

9- Et O 
(IIe) O. 

C 

O C 

O C 

C 

R8 

21N2N. 
R -N4 

N 

Sr. R3 
N 

(I) 

Scheme 3 

Rs 

R NaN2N 
R --- 

N -N/ 
- S. 
L-B Z \ 

S. X 
N 

(IIf) 
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-continued 
R8 

R NaN2N 
R N -N/ 

- S. 
L-B Z \ 

S. R3 
N 

(I) 

0384 According to Scheme 3, the 6-amino-3-pyrid-4- 
ylimidazo 1.2-bipyridazine derivatives of general formula (I) 
in which R, A, L, B, R, and Rs are as defined above and in 
which Rs represents an amino, C-monoalkylamine, or 
di-C alkylamine, hydroxyl or C. alkyloxy group may be 
prepared from a 6-amino-3-pyrid-4-ylimidazol-2-bpy 
ridazine derivative of general formula (IIf) in which R. A. L. 
B. R., and Rs are as defined above and in which X represents 
a halogen atom or a leaving group. 

0385 When R represents an amino, C. monoalky 
lamine or di-C alkylamine group, the reaction may be 
performed by nucleophilic Substitution using the corre 
sponding primary or secondary amine in an aprotic Sol 
vent such as N-methylpyrrolidone. 

0386. When R represents an amino group, the reaction 
may also be performed in two steps by coupling with 
benzhydrylideneamine in the presence of a catalyst Such 
as tris(dibenzylideneacetone)dipalladium(0), a base 
Such as Sodium tert-butoxide and a phosphonic ligand 
Such as (t)-2,2'-bis(diphenylphosphino)-1,1'-binaph 
thyl, followed by hydrolysis of the benzhydrylidene 
using an acid Such as hydrochloric acid. 

0387 When R represents a hydroxyl group, the reac 
tion may be performed by heating in the presence of 
Sodium hydroxide or potassium hydroxide in a solvent 
Such as tert-butanol. 

0388. When R represents a group C alkoxy, the reac 
tion may be performed by treatment using the corre 
sponding sodium or potassium C. alkoxide in a solvent 
such as N-methylpyrrolidone. 

Synthesis of the Precursors 

0389) 

Scheme 4 

Rs 

R NH O R 
7Ne1 2 2 

| + He 
N - N R 

X N1 Br N1 

(Va) 2N 

(VIa) 
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-continued 
Rs 

R7 21 2N. 
R2 N-N/ 

X6. N 

Y 
S. R3 

N 

(IIa) 

0390 According to Scheme 4, the 3-pyrid-4-ylimidazo1, 
2-bipyridazine derivatives of general formula (IIa), in which 
R. R. R., and Rs are as defined above and X represents a 
leaving group Such as a halogen, may be prepared by conden 
sation between a pyridazin-3-ylamine derivative of general 
formula (Va) in which R, and Rs are as defined above and X 
represents a halogen or a leaving group and a 2-bromo-2- 
(pyrid-4-yl)ethan-1-one derivative of general formula (VIa) 
in which R- and R are as defined above. 
0391 The reaction may be performed by heating the 
reagents in a polar solvent Such as aliphatic alcohols, for 
example ethanol or butanol. 

Scheme 5a 

Rs 

R 21 NH2 O R 
-- Her 

N - N X 
- N1 Br N1 
L-B 2 N 

(Vb) 
(VIf) 
Rs 

R NaN2N 
R N - N/ 

- S. 
L-B Z \ 

S. X3 
N 

(IIf) 

0392 According to Scheme 5a, the 3-pyrid-4-ylimidazo 
1.2-bipyridazine derivatives of general formula (IIf), in 
which R, A, L, B, R, and Rs are as defined above and X 
represents a leaving group Such as a halogen, may be prepared 
by condensation between a pyridazin-3-ylamine derivative of 
general formula (Vb) in which A. L. B. R and Rs are as 
defined above and a 2-bromo-2-(pyrid-4-yl)ethan-1-one 
derivative of general formula (VIf) in which R is as defined 
above and X represents a halogen or a leaving group. 
0393. This reaction may be performed by heating the 
reagents inapolar solvent such as aliphatic acids, for example 
ethanol or butanol. 
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Scheme 5b 

M 

() Sa. X 

R 21 N N 
e (IVe) 

/ R. N 
A-N N1 

X 
L-B 

(Ic) 

Rs 

R NaN2.N. 
/ R N 

A-N N1 

L-B Z \ 
S. X3 

N 

(IIf) 

0394 According to Scheme 5b, the 3-pyrid-4-ylimidazo 
1,2-bipyridazine derivatives of general formula (IIf) as 
defined above may also be obtained from a 6-amino-3-iodo 
or 3-bromo-imidazo[1,2-bipyridazine derivative of general 
formula (Ic), in which R. A. L. B. R., and Rs are as defined 
above and X represents abromine or iodine atom, by coupling 
under the Stille or Suzuki conditions with a stannane or a 
pyridine boronate of general formula (IVe) in which X rep 
resents a halogen or a leaving group and M represents a 
trialkylstannyl group, usually a tributylstannyl group or a 
dihydroxyboryl or dialkyloxyboryl group, usually a 4.4.5.5- 
tetramethyl-1,3,3,2-dioxaborolan-2-yl group. 
0395. The couplings according to the Stille method are 
performed, for example, by heating in the presence of a cata 
lyst Such as tetrakis(triphenylphosphine)palladium or copper 
iodide in a solvent such as N,N-dimethylacetamide. 
0396 The couplings according to the Suzuki method are 
performed, for example, by heating in the presence of a cata 
lyst such as 1,1'-bis(diphenylphosphino)ferrocenedichloro 
palladium and of a mineral base Such as cesium carbonate in 
a mixture of solvents such as tetrahydrofuran and water. 

Scheme 6 

R8 

R 
21 eN He 

R2 N X 
X6 N 

(VIIIa) 

20 
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-continued 
M 

R8 S. R3 

21Ne. (IVc) 
R N - N/ 

X 

(VIIa) 
Rs 

R NayeN. 

/ R. N 
X6. N1 

S. R3 
N 

(IIa) 

0397 According to Scheme 6, the 3-pyrid-4-ylimidazo1, 
2-bipyridazine derivatives of general formula (IIa), in which 
R. R. R-7 and Rs are as defined above and X represents a 
leaving group Such as a halogen may also be prepared in two 
steps from an imidazo 1.2-bipyridazine derivative of general 
formula (VIIIa) in which R, R, and Rs are as defined above 
and X represents a leaving group. 
0398. The bromination or iodination of an imidazo 1,2-b 
pyridazine derivative of general formula (VIIIa), in which R, 
R, and Rs are as defined above and X represents a halogen 
atom or a leaving group, leads to a 3-bromo- or iodoimidazo 
1.2-bipyridazine derivative of general formula (VIIa), in 
which R, R-7 and Rs are as defined above and X represents a 
halogen or a leaving group and X represents a bromine or 
iodine atom. This reaction may be performed using N-bromo 
or iodosuccinimide or iodine monochloride in a polar solvent 
Such as acetonitrile, tetrahydrofuran, methanol or chloro 
form. 
0399. The 3-bromo or iodoimidazo[1,2-bipyridazine 
derivative of general formula (VIIa) obtained is then regiose 
lectively coupled according to the Stille or Suzuki methods 
with a stannane or a pyridine boronate of general formula 
(IVc) in which R is as defined above and M represents a 
trialkylstannyl group, usually a tributylstannyl group or a 
group dihydroxyboryl or dialkyloxyboryl group, usually a 
4.4.5.5-tetramethyl-1,3,2-dioxaborolan-2-yl group. 
0400. The couplings according to the Stille method are 
performed, for example, by heating in the presence of a cata 
lyst Such as tetrakis(triphenylphosphine)palladium or copper 
iodide in a solvent such as dimethylacetamide. 
04.01 The couplings according to the Suzuki method are 
performed, for example, by heating in the presence of a cata 
lyst such as 1,1'-bis(diphenylphosphino)ferrocenedichloro 
palladium and of a mineral base Such as cesium carbonate in 
a mixture of solvents such as tetrahydrofuran and water. 
0402. The imidazo 1.2-bipyridazine derivatives of gen 
eral formula (VIIIa) in which R, R, and Rs are as defined 
above and X represents a leaving group are known or may be 
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prepared by analogy with methods described in the literature 
(Abignente, Enrico; Caprariis, Paolo de; Patscot, Rosaria; 
Sacchi, Antonella; J. Heterocycl. Chem.; 23; 1986; 1031 
1034; Barlin, Gordon B.; Davies, Les P.; Ireland, Stephen J.; 
Ngu, Maria M. L.; Zhang, Jiankuo; Aust. J. Chem.; EN: 45; 4: 
1992; 731-749; Mourad, Alaa E.; Wise, Dean S.; Townsend, 
Leroy B. J. Heterocycl. Chem.; 30: 5; 1993: 1365-1372: 
Pollak et al.; Tetrahedron; 24; 1968; 2623; Hervet, Maud; 
Galtier, Christophe; Enguehard, Cecile; Gueiffier, Alain: 
Debouzy, Jean-Claude: Journal of Heterocyclic Chemistry 
(2002), 39(4), 737-742). 

Scheme 7 

O 

Rs sus R R NH2 
21 (VId) 

Sa N 
A-N N1 
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(Vb) 
Rs 

R NaN2N 
R -> N X 

A-N N1 
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(IId) 
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R NaN2N 
R2 N -N/ 
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0403. According to Scheme 7, the 6-amino-3-pyrid-4- 
ylimidazo 1.2-bipyridazine derivatives of general formula 
(IIc) in which R. A. L. B. R., and Rs are as defined above and 
in which X represents a bromine or iodine atom are prepared 
by bromination or iodination of a 6-amino-3-pyrid-4-ylimi 
daZo1.2-bipyridazine starting derivative of general formula 
(IId) in which R. A. L. B. R., and Rs areas defined above. 
04.04 This reaction may be performed using N-bromo- or 
iodosuccinimide or iodine monochloride in a polar aprotic 
Solvent such as acetonitrile or tetrahydrofuran. 
04.05 The 6-amino-3-pyrid-4-ylimidazo 1.2-bpy 
ridazine derivatives of general formula (IId) in which R, A, 
L. B. R., and Rs are as defined above are known or may be 
prepared by analogy with methods described in the literature 
(for example Watanabe et al.; Synthesis; 1977: 761; Jurgee et 
al.; J. Heterocycl. Chem.: 12: 1975; 253.255.; Werbel, L. M.: 
Zamora, M. L.; J. Heterocycl. Chem.: 2: 1965; 287-290; 
Yoneda et al.: Chem. Pharm. Bull.: 12: 1964; 1351.1353. 
1354; Tomoyasu; Iizawa, Yuji: Okonogi, Kenji; Miyake, 
Akio: J. Antibiot.; 53; 10; 2000; 1053-1070). 
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0406. They are usually prepared by condensation between 
a pyridazin-3-ylamine derivative of general formula (Vb) in 
which A. L. B. R., and Rs areas defined above and a 2-bromo, 
chloro- or iodoethan-1-one derivative of general formula 
(VId) in which R is as defined above. 
0407. The reaction may be performed by heating the 
reagents in a polar solvent Such as ethanol or butanol. 
0408. In the preceding synthetic schemes, the starting 
compounds and the reagents, when their mode of preparation 
is not described, are commercially available or described in 
the literature, or alternatively may be prepared according to 
methods that are described therein or that are known to those 
skilled in the art. 

Protecting Groups 

04.09 For the compounds of general formula (I), (IIc), 
(IId), (IIe), (IIf). (IIIa) and (Vb) as defined above and when 
the group N-A-L-B comprises a primary or secondary amine 
function, this function may optionally be protected during the 
synthesis with protecting groups known to those skilled in the 
art, for example a benzyl or a t-butyloxycarbonyl. 
0410. For the compounds of general formula (I), (IIa), 
(IVc), (IVd), (VIa) and (VIb) as defined above and when the 
group R comprises a primary or secondary amine function, 
this function may be optionally protected with protecting 
groups known to those skilled in the art, for example a benzyl 
or a t-butyloxycarbonyl. 
0411. The products of general structure (I) as defined 
above are obtained according to the processes described after 
a final additional step of deprotection of the protecting group 
according to the usual conditions known to those skilled in the 
art. 

0412. The examples that follow describe the preparation 
of certain compounds inaccordance with the invention. These 
examples are not limiting and serve merely to illustrate the 
present invention. The numbers of the illustrated compounds 
refer to those given in the table below, which illustrates the 
chemical structures and physical properties of a number of 
compounds according to the invention. 

EXAMPLE 1. 

(Compound 50): 2-(4-Fluorophenyl)-6-(4-methylpip 
erazin-1-yl)-3-pyrid-4-ylimidazo 1.2-bipyridazine 

0413 

21N2N. 
F 

r N-N / 
--- Z \ 

SN 
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a) Synthesis According to the Process of Scheme 1, 
Route 4 

Step 1.1a. 2-(4-Fluorophenyl)-6-(4-methylpiperazin 
1-yl)imidazo 1.2-bipyridazine 

0414 

21Ne.N. 
F S -Ns K ) 

r N1 Nu HC1 

0415. After heating a suspension of 32 g (97.4 mmol) of 
6-chloro-2-(4-fluorophenyl)imidazo[1,2-bipyridazine (CAS 
No. 2069-47-8) in 200 ml of 1-methylpiperazine at 160° C. 
for 16 hours, the mixture is poured into 1.5 L of water. The 
yellowish precipitate formed is separated out by filtration and 
rinsed with cold isopropanol and then with diisopropyl ether. 
30g of a beige-colored powder are thus isolated after drying 
under vacuum. 

0416 m.p.: 190° C. 
0417 H NMR (CDC1) 8: 7.85 (s; 1H), 7.8 (m, 2H), 7.60 
(d. 1H), 7.05 (pseudot, 2H), 6.75 (d. 1H), 3.45 (m, 4H), 2.50 
(m, 4H), 2.30 (s.3H) ppm. 

Step 1.2a. 2-(4-Fluorophenyl)-3-iodo-6-(4-meth 
ylpiperazin-1-yl)imidazo 1,2-bipyridazine 

0418 

21N2N. 
F N --N/ 

r N1 
Nu I HC1 

0419. To a solution, cooled to about 5°C., of 31.0 g (99.6 
mmol) of 2-(4-fluorophenyl)-6-(4-methylpiperazin-1-yl) 
imidazo[1,2-bipyridazine in chloroform is rapidly added 
dropwise a solution of 64.7 g (398 mmol) of iodine 
monochloride in 150 mL of methanol. Mild exothermicity 
and the formation of a precipitate during the addition are 
observed. After cooling to room temperature and stirring for 
30 minutes, the mixture is poured into 2 L of aqueous 5% 
sodium thiosulfate solution saturated with sodium bicarbon 
ate. After vigorous stirring until the mixture has decolorized, 
the product is extracted with chloroform. The organic phase is 
separated out, dried over Sodium Sulfate, filtered and concen 
trated under reduced pressure to give a brown solid. This solid 
is triturated in a mixture of 400 mL of diisopropyl ether and 
50 mL of isopropanol at reflux. After cooling, 40 g of a 
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beige-colored powder are isolated by filtration through a sin 
ter funnel and drying under vacuum. 
0420 m.p.: 180° C. 
0421 'H NMR (CDC1) 8: 8.05 (pseudodd; 2H), 7.65 (d. 
1H), 7.15 (pseudot, 2H), 6.85 (d. 1H), 3.65 (m, 4H), 2.55 (m, 
4H), 2.35 (s.3H) ppm. 

Step 1.3a. 2-(4-Fluorophenyl)-6-(4-methylpiperazin 
1-yl)-3-pyrid-4-ylimidazo 1,2-bipyridazine 

0422 

21Ne.N. 
F N --N/ 

r N1 Nu HC1 Z \ 
S. 

N 

0423 To a suspension of 2.80 g (6.40 mmol) of 2-(4- 
fluorophenyl)-3-iodo-6-(4-methylpiperazin-1-yl)imidazol, 
2-bipyridazine in 200 mL of a mixture of dimethoxyethane 
and water (9:1), are added 1.36 g (12.8 mmol) of sodium 
bicarbonate and 0.95 g (7.7 mmol) of (pyrid-4-yl)boronic 
acid. After sparging with a stream of argon for a few 
moments, 0.21 g (0.26 mmol) of a complex of 1,1'-bis(diphe 
nylphosphino) ferrocenedichloropalladium(II) and dichlo 
romethane (PdCl(dppf). CHCl) is added and the reaction 
mixture is refluxed under argon for 18 hours. A further 0.95g 
(7.7 mmol) of (pyrid-4-yl)boronic acid, 0.21 g (0.26 mmol) of 
1,1'-bis(diphenylphosphino) ferrocenedichloropalladium 

(II) dichloromethane and 10 mL of water are then added. 
Heating is continued for 24 hours. The solvent is then evapo 
rated off under reduced pressure and the brown residue is 
triturated with aqueous 3N hydrochloric acid and then filtered 
ona Bichner funnel. The aqueous phase is washed twice with 
diethyl ether and then cautiously neutralized, using aqueous 
ammonia diluted with ice, to basic pH. The product is 
extracted with chloroform, the organic phase is dried over 
sodium sulfate and filtered, and the solvent is evaporated off 
to give 2.5g of a yellowish powder. 
0424 
gel, eluting with a mixture of dichloromethane, methanol and 

The product is purified by chromatography on silica 

aqueous ammonia (96/4/0.4) to give 2.3 g of a whitish pow 
der. The product is recrystallized from a mixture of 130 mL of 
acetonitrile and 10 to 30 mL of isopropanol. 
0425 1.1 g of a whitish powder are isolated. 
0426 m.p.: 248-250° C. 
0427 H NMR (CDC1,) 8: 8.65 (d; 2H), 7.85 (d. 1H), 
7.5-7.7 (m, 4H), 7.05 (pseudot, 2H), 6.95 (d. 1H), 3.55 (m, 
4H), 2.55 (m, 4H), 2.40 (s.3H) ppm. 
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b) Synthesis According to the Process of Scheme 2 

Step 1.1b. Ethyl 4-2-(4-fluorophenyl)-6-(4-meth 
ylpiperazin-1-yl)imidazo 1,2-bipyridazin-3-yl)-4H 

pyridine-1-carboxylate 

0428 

21N2N 
F 

N N 

r N1 / 
Nu 1 H3C \ \ 

N 

9 
O Sci. 

0429 To a suspension, cooled to about 0°C., of 3.24g 
(10.4 mmol) of 2-(4-fluorophenyl)-6-(4-methylpiperazin-1- 
yl)imidazo 1,2-bipyridazine in 7.5 mL of pyridine is added 
dropwise a solution of 5.0 mL (52 mmol) of ethyl chlorofor 
mate. After cooling to room temperature, 10 mL (104 mmol) 
of ethyl chloroformate and 15 mL of pyridine are added in 
two portions. After 18 hours, the mixture is diluted with 50 
mL of dichloromethane and 20 mL (208 mmol) of ethyl 
chloroformate are added in three portions over 5 hours. 350 
mL of water are then added, and the organic phase is sepa 
rated out and washed twice with water, dried over sodium 
Sulfate and concentrated under reduced pressure to give 4.5g 
of a brownish solid. This solid is triturated in diethyl ether to 
give 3.5g of beige-colored crystals. The solid is dissolved in 
dichloromethane and purified by chromatography on a col 
umn of silica gel, eluting with a mixture of 10% methanol in 
dichloromethane, to give 2.95 g of pale yellow crystals after 
trituration in diethyl ether, filtering through a sinter funnel 
and drying under vacuum. 
0430 m.p.: 179.9° C. 
0431 'H NMR (DMSO-d) 8: 7.80 (d; 2H), 7.65 (m. 2H), 
7.2 (m, 3H), 6.95 (d. 1H), 4.8–5.0 (m, 3H), 4.25 (q, 2H), 3.40 
(m, 4H), 2.40 (m, 4H), 2.20 (s.3H), 1.30 (t, 3H) ppm. 

Step 1.2b. 2-(4-Fluorophenyl)-6-(4-methylpiperazin 
1-yl)-3-pyrid-4-ylimidazo 1,2-bipyridazine 

0432 

21Ne.N. 
7 F 

r N-N 
--- Z \ 

s 
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0433) To a suspension of 1.00 g (2.16 mmol) of ethyl 
4-2-(4-fluorophenyl)-6-(4-methylpiperazin-1-yl)imidazo 
1.2-bipyridazin-3-yl)-4H-pyridine-1-carboxylate in 35 mL 
of toluene is added a solution of 0.65 g (2.6 mmol) of ortho 
chloranil in 6 mL oftoluene. After reaction for 6 hours, 60 mL 
of 1N sodium hydroxide are added and the product is 
extracted with ethyl acetate. The organic phase is washed 
with Saturated aqueous Sodium chloride solution and dried 
over sodium sulfate, and the solvent is evaporated off under 
reduced pressure. 1.2 g of Solid are thus recovered, and are 
purified on a column of silica gel, eluting with a stepwise 
gradient of 3% to 15% methanol in dichloromethane. The 
product obtained is washed with diisopropyl ether and recrys 
tallized from isopropyl alcohol to give 0.47 g of crystals after 
filtering off and drying under reduced pressure. 
0434 m.p.:294-296° C. 
0435 H NMR (CDC1,) 8: 8.65 (d; 2H), 7.85 (d. 1H), 
7.5-7.7 (m, 4H), 7.05 (pseudot, 2H), 6.95 (d. 1H), 3.55 (m, 
4H), 2.55 (m, 4H), 2.40 (s.3H) ppm. 

c) Synthesis According to Scheme 1, Route 3 

Step 1.1 c. 2-(4-Fluorophenyl)-6-(4-methylpiperazin 
1-yl)-3-pyrid-4-ylimidazo 1,2-bipyridazine 

0436 

21N2N. 
F N - N/ 

r N1 Nu HC1 Y 
S. 

N 

0437. A mixture of 0.90 g (2.89 mmol) of 2-(4-fluorophe 
nyl)-6-(4-methylpiperazin-1-yl)imidazol-2-bipyridazine 
(Synthesis, 2001, 4,595-600), 0.71 g (3.5 mmol) of 4-iodopy 
ridine, 0.032 g (0.14 mmol) of palladium acetate and 0.48g 
(3.5 mmol) of potassium carbonate in 18 mL of dimethylfor 
mamide is heated at 135°C. for 18 hours. After cooling, the 
reaction medium is poured into water and the product is 
extracted with ethyl acetate. The organic phase is washed 
with water and dried over sodium sulfate, and the solvent is 
evaporated offunder reduced pressure. The residue is purified 
on a column of silica gel, eluting with a mixture of dichlo 
romethane, methanol and aqueous ammonia (95/5/0.5) to 
give 0.5g of crystals after recrystallization from acetonitrile, 
filtering off and drying under reduced pressure. 
0438 m.p.: 250° C. 
0439 H NMR (CDC1,) 8: 8.65 (d. 2H), 7.85 (d. 1H), 
7.5-7.7 (m, 4H), 7.05 (pseudot, 2H), 6.95 (d. 1H), 3.55 (m, 
4H), 2.55 (m, 4H), 2.40 (s.3H) ppm. 



US 2010/01791.54 A1 

EXAMPLE 2 

(Compound 3): 2-(4-Fluorophenyl)-7,8-dimethyl-6- 
piperazin-1-yl-3-pyrid-4-ylimidazol-2-bipyridazine 

0440 

CH3 

HC 21 2N 

--- / F 
is- Z \ 

s 

Synthesis According to Scheme 1, Route 4 
Step 2.1. 6-Chloro-2-(4-fluorophenyl)-7,8-dimeth 

ylimidazol-2-bipyridazine 

0441 

CH3 

"Ne O F 

C N-N / 

0442. A solution of 13 g (85 mmol) of 3-amino-6-chloro 
4.5-dimethylpyridazine and 23 g (107 mmol) of 2-bromo-1- 
(4-fluorophenyl)ethanone in 130 mL of ethanol is refluxed for 
16 hours. After cooling, the solvent is evaporated off under 
reduced pressure and the residue is taken up in chloroform. 
The organic phase is washed with diluted aqueous ammonia, 
dried over sodium sulfate and concentrated under reduced 
pressure to give a brown solid. This solid is triturated in 
acetone to give 19.2 g of a beige-colored powder. 
0443 Yield: 84% 
0444 m.p.: 172-174° C. 
0445 H NMR (CDC1) 8: 8.10 (s, 1H), 7.95 (m, 2H), 7.15 
(pseudot, 2H), 2.70 (s.3H), 2.45 (s.3H) ppm. 

Step 2.2. 2-(4-Fluorophenyl)-7,8-dimethyl-6-piper 
azin-1-ylimidazo 1.2-bipyridazine 

0446 

CH3 

HC Nea Y2N 
F N - NN K ) 

r N1 is 
0447. A mixture of 1.4 g (5.08 mmol) of 6-chloro-2-(4- 
fluorophenyl)-7,8-dimethylimidazo[1,2-bipyridazine and 
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8.7 g (100 mmol) of piperazine is heated at 150° C. for 3 hours 
in a reactor. The medium is then poured into water and the 
precipitate formed is isolated by filtration. The product is then 
recrystallized from a mixture of diisopropyl ether and isopro 
panol to give 1.15g of a white powder. 
0448 Yield: 70%. 
0449 H NMR (CDC1,) 8: 8.00 (s; 1H), 7.95 (pseudodd, 
2H), 7.15 (pseudot, 2H), 3.15 (m, 8H), 2.65 (s.3H), 2.35 (s, 
3H) ppm. 

Step 2.3. 2-(4-Fluorophenyl)-3-iodo-7,8-dimethyl-6- 
piperazin-1-ylimidazo 1,2-bipyridazine 

0450 

CH 

HC N21N2N 
F N - N/ 

r N1 
~ I N 

0451. To a solution, cooled to 0°C., of 1.15 g (3.53 mmol) 
of 2-(4-fluorophenyl)-7,8-dimethyl-6-piperazin-1-ylimidazo 
1.2-bipyridazine in 20 mL of dichloromethane, is added 
dropwise a solution of 2.29 g (14.1 mmol) of iodine 
monochloride in 5 mL of methanol and the medium is stirred 
for 30 minutes at room temperature. 5% sodium thiosulfate 
solution is then added and the medium is basified by addition 
of sodium hydrogen carbonate. 
0452. The product is extracted with dichloromethane, the 
organic phase is dried over Sodium Sulfate and filtered, and 
the solvent is evaporated off to give 0.82 g of a yellow powder 
after crystallization from diethyl ether and drying. 
0453. Yield: 51%. 
0454 H NMR (CDC1) 8: 8.15 (pseudo dd, 2H), 7.35 
(pseudot, 2H), 3.15 (m, 4H), 2.95 (m, 4H), 2.5 (s.3H), 2.30 
(S. 3H) ppm. 

Step 2.4. tert-Butyl 4-2-(4-fluorophenyl)-3-iodo-7, 
8-dimethylimidazo[1,2-bipyridazin-6-yl)piperazine 

1-carboxylate 

0455 

CH 

HC 21 2N. 
F N -N-N/ 

r N1 
"x"S N- I 
HC CH 6 

0456. A solution of 0.70 g (1.55 mmol) of 2-(4-fluorophe 
nyl)-3-iodo-7,8-dimethyl-6-piperazin-1-ylimidazo 1.2-b 
pyridazine and 19 mg (0.16 mmol) of dimethylaminopyridine 
in 10 mL of tetrahydrofuran is treated with 0.41 g (1.9 mmol) 
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of di-tert-butyl carbonate for 1 hour. The solvent is then 
evaporated off and the solid obtained is recrystallized from 
acetonitrile. 0.67 g of product is thus isolated after drying. 
0457. Yield: 78%. 
0458 H NMR (CDC1) 8: 8.00 (pseudo dd, 2H), 7.10 
(pseudot, 2H), 3.60 (m, 4H), 3.15 (m, 4H), 2.55 (s.3H), 2.25 
(s, 3H), 1.40 (s, 9H) ppm. 

Step 2.5. tert-Butyl 4-2-(4-fluorophenyl)-7,8-dim 
ethyl-3-pyrid-4-ylimidazo[1,2-bipyridazin-6-yl)pip 

erazine-1-carboxylate 

0459 

CH3 

HC nayeN. 
N / F S. 

r N1 
"X- Z \ 
H3C CH3 Ö sN 

0460. To a mixture of 0.66 g (1.2 mmol) of tert-butyl 
4-2-(4-fluorophenyl)-3-iodo-7,8-dimethylimidazo[1,2-b 
pyridaZin-6-ylpiperazine-1-carboxylate in 15 mL of a mix 
ture of tetrahydrofuran and water (9:1), are added 1.17 g (3.6 
mmol) of cesium carbonate and 0.31 g (1.4 mmol) of (pyrid 
4-yl)boronic acid. After sparging with a stream of argon for a 
few moments, 88 mg (0.11 mmol) of a complex of 1,1'-bis 
(diphenylphosphino) ferrocenedichloropalladium(II) and 
dichloromethane (PdCl2(dppf)..CHCl) are added and the 
reaction mixture is refluxed under argon for 18 hours. The 
mixture is then poured into water and the product is extracted 
with dichloromethane, the organic phase is dried over sodium 
sulfate and filtered, and the solvent is evaporated off to give a 
brown solid. The product is purified by chromatography on 
silica gel, eluting with a mixture of ethyl acetate and cyclo 
hexane (3/7) to give 0.44 g of a white powder. 
0461. Yield: 73% 
0462 m.p.: 231-233°C. 
0463 H NMR (CDC1) 8:8.55 (pseudod, 2H), 7.55-7.75 
(m, 4H), 7.00 (pseudot, 2H), 3.55 (m, 4H), 3.05 (m, 4H), 2.60 
(s, 3H), 2.25 (s.3H), 1.40 (s, 9H) ppm. 

Step 2.6. 2-(4-Fluorophenyl)-7,8-dimethyl-6-piper 
azin-1-yl-3-pyrid-4-ylimidazo 1.2-bipyridazine 

0464 

CH3 

"Ne 2N 

r N-N / F 
is- Z \ 

s 
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0465. To a solution of 0.43 g (0.86 mmol) of tert-butyl 
4-2-(4-fluorophenyl)-7,8-dimethyl-3-pyrid-4-ylimidazo1, 
2-bipyridazin-6-yl)piperazine-1-carboxylate in 5 mL of 
dichloromethane at 0°C. is added dropwise 0.64 mL (8.6 
mmol) of trifluoroacetic acid. After stirring for 4 hours at 
room temperature, a further 0.64 mL (8.6 mmol) of trifluo 
roacetic acid is added and the reaction mixture is left for 18 
hours. The solvent is then removed under reduced pressure 
and the residue is taken up in water. The resulting aqueous 
phase is washed with ether and then basified by addition of 
aqueous sodium hydrogen carbonate solution. The product is 
extracted with dichloromethane, the organic phase is dried 
over sodium sulfate and filtered, and the solvent is evaporated 
off to give 0.285 g of a white powder. 
0466. Yield: 83% 
0467 m.p.: 233-235° C. 
0468 H NMR (CDC1) 8:8.60 (pseudod, 2H), 7.55-7.75 
(m, 4H), 7.05 (pseudot, 2H), 3.00-3.2 (m, 4H), 2.65 (s.3H), 
2.35 (s, 3H) ppm. 

EXAMPLE 3 

(Compound 58): 4-2-(4-Fluorophenyl)-6-(4-meth 
ylpiperazin-1-yl)imidazo 1,2-bipyridazin-3-ylpyrid 

2-yl)-dimethylamine 
0469 

21 2N 
F N - N/ 

r N1 Nu 1 

HC Z \ N-CH3 

CH 

Synthesis According to Scheme 3 
Step 3.1.6-(4-Benzylpiperazin-1-yl)pyridazin-3- 

ylamine 
0470 

21 NH2 

N N 

r N1 Nu 
0471. 48.9 g (278 mmol) of 1-benzylpiperazine and 12.0g 
(92.6 mmol) of 3-amino-6-chloropyridazine are heated at 
160° C. for 1 hour. The brown oil obtained is poured into 500 
mL of aqueous sodium bicarbonate solution and the product 
is extracted with dichloromethane. The organic phase is dried 
and then concentrated under reduced pressure. The oil 
obtained is triturated in diethyl ether, and 20.5g of a solidare 
isolated after filtering off and drying. 
0472. Yield: 82%. 
0473 H NMR (CDC1) 8: 7.45-7.65 (m, 6H), 7.20 (s, 
1H), 5.5 (broad unresolved complex, 2H)3.80 (s. 2H), 3.60 
3.75 (m, 4H), 2.80-2.85 (m, 4H) ppm. 
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Step 3.2. 2-(4-Fluorophenyl)-3-(2-fluoropyrid-4-yl)- 
6-(4-methylpiperazin-1-yl)imidazo 1.2-bipyridazine 

Synthesis According to SCHEME5a 

0474) 

21Ne.N. 

r N- N / F 

--- Z \ 
s F 

0475. A mixture of 0.77 g (2.5 mmol) of 2-bromo-1-(4- 
fluorophenyl)-2-(2-fluoropyrid-4-yl)ethanone (CAS No.: 
302839-10-7) and 0.57 g (3.0 mmol) of 6-(4-methylpiper 
azin-1-yl)pyridazin-3-ylamine (CAS No.: 66346-94-9) in 15 
mL of ethanol is refluxed for 1 hour 30 minutes. After cooling, 
the medium is taken up in chloroform and washed with Satu 
rated aqueous sodium bicarbonate Solution. 
0476. The organic phase is then dried over sodium sulfate 
and concentrated under reduced pressure to give an orange 
colored solid. 
0477 The solid obtained is purified by chromatography on 
silica gel (7 g), eluting with a mixture of dichloromethane, 
methanol and aqueous ammonia (95/5/0.5). The product 
obtained is crystallized from refluxing acetonitrile to give 
0.76 g of a white powder after filtering off and drying. 
0478 m.p.: 250-255° C. 
0479 HNMR (CDC1,) 8:8.20 (d. 1H), 7.80 (d. 1H), 7.60 
(m. 2H), 7.4 (m, 2H), 7.10 (m,2H), 6.95 (d. 1H), 3.60(m, 4H), 
2.60 (m, 4H), 2.40 (s.3H) ppm. 

Step 3.3. 4-2-(4-Fluorophenyl)-6-(4-methylpiper 
azin-1-yl)imidazo 1.2-bipyridazin-3-ylpyrid-2- 

y1}dimethylamine 

0480 

0481 0.10 g (0.25 mmol) of 2-(4-fluorophenyl)-3-(2- 
fluoropyrid-4-yl)-6-(4-methylpiperazin-1-yl)-imidazol-2- 
bipyridazine and 10 mL of dimethylamine are introduced into 
an autoclave. The mixture is heated at 150° C. overnight and 
then cooled and poured into water. The product is extracted 
with chloroform, and the organic phase is dried over sodium 
Sulfate and then concentrated under reduced pressure to give 
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a solid. This solid is crystallized and recrystallized from 
acetonitrile to give 0.028 g of a white powder after cooling, 
filtering off and drying. 
0482 m.p.: 180-183° C. 
0483 'HNMR (CDC1) 8:8.15 (d. 1H), 7.70 (d. 1H), 7.70 
(m. 2H), 6.95 (m, 2H), 6.80 (m, 2H), 6.70 (d. 1H), 3.50 (m, 
4H), 3.00 (s, 6H), 2.50 (m, 4H), 2.30 (s.3H) ppm. 

EXAMPLE 4 

(Compound 59): 2-(4-Fluorophenyl)-3-(2-methoxy 
pyrid-4-yl)-6-(4-methylpiperazin-1-yl)imidazol-2- 

bipyridazine 

0484 

21Ne.N. 
F / 

r N 
Nu HC1 Z \ O/CH 

S. 
N 

Synthesis According to Scheme 3 
0485 To a solution under argon of 0.10 g (0.25 mmol) of 
2-(4-fluorophenyl)-3-(2-fluoropyrid-4-yl)-6-(4-methylpip 
erazin-1-yl)imidazo 1,2-bipyridazine in N-methylpyrroli 
done is added 0.65 mL (3.4 mmol) of sodium methoxide at 
30% by weight in methanol. After stirring for 4 days at room 
temperature, the medium is poured into 200 mL of water and 
the product is extracted with ethyl acetate. The organic phase 
is dried over sodium sulfate and then concentrated under 
reduced pressure to give a pale yellow solid. 
0486 The solid obtained is purified by chromatography on 
silica gel (7 g), eluting with a mixture of dichloromethane, 
methanol and aqueous ammonia (95/05/0.5). The product 
obtained is crystallized from refluxing acetonitrile to give 
0.04 g of a white powder after cooling, filtering off and 
drying. 
0487 m.p.: 189-194° C. 
0488 H NMR (CDC1) 8: 8.20 (d. 1H), 7.80 (d. 1H), 8.6 
(m. 2H), 7.15-6.95 (m, 4H), 6.90 (d. 1H), 4.00 (s, 3H), 3.55 
(m, 4H), 2.55 (m, 4H), 2.40 (s.3H) ppm. 

EXAMPLE 5 

(Compound 4): 4-2-(4-Fluorophenyl)-6-piperazin-1- 
ylimidazo 1.2-bipyridazin-3-ylpyrid-2-ylamine 

0489 

21N2N 
/ F 

r N s 1. N 

Sa. NH2 
N 
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Step 5.1. 2-(4-Fluorophenyl)-6-piperazin-1-ylimi 
daZo 1.2-bipyridazine 

0490 

21Ne.N. 
F N - Ns K ) 

r N1 is 
0491 Into a reactor containing 94 g (823 mmol) of 98% 
1-formylpiperazine at 135°C. are added 26.5 g (107 mmol) of 
2-(4-fluorophenyl)-6-chloro-imidazo 1,2-bipyridazine and 
the reactor is then closed and maintained at 135° C. for 2 
hours 30 minutes. 
0492. The reactor is then cooled and the reaction medium 

is poured into 1.5 L of water. The yellowish solid is isolated 
by filtration and taken up in 700 mL of tetrahydrofuran. 800 
mL of 4N sulfuric acid are then added and the solution is 
refluxed overnight. 
0493. The mixture is filtered while hot and the filtrate is 
partially concentrated under reduced pressure. This aqueous 
phase is washed twice with diethyl ether and then basified 
using cold aqueous ammonia Solution. The precipitate 
formed is stirred for 30 minutes and isolated by filtration 
through a sinter funnel and washing with water. The solid is 
taken up in chloroform and the organic phase obtained is 
washed with water, dried over sodium sulfate and then con 
centrated under reduced pressure to give a brown-yellow 
solid. 21.5 g of a pale of yellow powder are isolated by 
clarification in a mixture of 200 mL of diisopropyl ether and 
10 mL ofisopropanol at reflux, followed by cold filtration and 
drying. 
0494 m.p.: 200-203° C. 
0495 Yield: 61%. 
0496 H NMR (CDC1) 8: 8.05 (s, 1H), 7.85 (m, 2H), 7.65 
(d. 1H), 7.05 (m, 2H), 6.94 (d. 1H), 3.40 (s, 4H), 2.85 (s, 4H) 

Step 5.2. tert-Butyl 4-2-(4-fluorophenyl)imidazol, 
2-bipyridazin-6-ylpiperazine-1-carboxylate 

0497 

aNeN. 
F N - N- K ) 

r N1 
H3C ~ O N 

H3C M1 

CH, O 

0498 To a solution of 21.5 g (72.3 mmol) of 2-(4-fluo 
rophenyl)-6-piperazin-1-ylimidazo 1,2-bipyridazine and 
0.44 g (3.6 mmol) of dimethylaminopyridine in 500 mL of 
chloroform is added dropwise a solution of tert-butyl anhy 
dride dissolved in 100 mL of chloroform. After stirring for 30 
minutes at room temperature, the medium is poured into 
saturated aqueous Sodium hydrogen carbonate solution. The 
organic phase obtained is washed with water, dried over 
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Sodium sulfate and then concentrated under reduced pressure 
to give a brown solid. Finally, 28.0 g of a beige-colored 
powder are isolated after trituration in a mixture of 200 mL of 
diisopropyl ether and 10 mL of isopropanol at reflux, fol 
lowed by cold filtration and drying. 
0499. Yield: 97% 
(0500 "H NMR (CDC1) 8: 7.78-8.00 (m, 3H), 7.80 (d. 
1H), 7.15 (pseudot, 1H). 6.85 (d. 1H), 3.45-3.7 (m, 8H), 1.5 
(s, 9H) ppm. 

Step 5.3. tert-Butyl 4-2-(4-fluorophenyl)-3-iodoimi 
dazol-2-bipyridazin-6-yl)piperazine-1-carboxylate 

0501) 

21Ne.N. 
F N -- / 

r N1 
H3C O N - I CY 
H3C O 

(0502. To a solution of 28.0 g (70.5 mmol) of tert-butyl 
4-2-(4-fluorophenyl)imidazo 1,2-bipyridaZin-6-ylpipera 
zine-1-carboxylate in 800 mL of tetrahydrofuran cooled to 
about 0°C. are added 17.4 g (77.5 mmol) of N-iodosuccin 
imide. After stirring for 18 hours at room temperature, the 
solvent is evaporated off under reduced pressure. 
0503. The orange-red solid obtained is triturated in 1.5 L 
of water and separated out by filtration. The solid is then taken 
up in chloroform and the organic phase obtained is washed 
with 1 L of 5% sodium thiosulfate solution, dried over sodium 
Sulfate and then concentrated under reduced pressure to give 
a brown solid. 

0504 32.8g of a pale of yellow powder are finally isolated 
by clarification in a mixture of 300 mL of diisopropyl ether 
and 50 mL ofisopropanol at reflux, followed by cold filtration 
and drying. 
0505 Yield: 89% 
0506 H NMR (CDC1) 8: 7.85 (pseudo q, 2H), 7.60 (d. 
1H), 7.05 (pseudot, 1H). 6.75 (d. 1H), 3.5 (m, 8H), 1.4 (s.9H) 

Step 5.4. tert-Butyl 4-3-(2-chloropyrid-4-yl)-2-(4- 
fluorophenyl)imidazo 1.2-bipyridazin-6-ylpipera 

Zine-1-carboxylate (According to Scheme 5b) 

0507 

21Ne.N. 
F N / 

r s 
H3C O N- Z 
ic-Y \ CH3 r sN C 
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0508 To a suspension of 1.25 g (2.39 mmol) of tert-butyl 
4-2-(4-fluorophenyl)-3-iodoimidazo[1,2-bipyridazin-6-yl) 
piperazine-1-carboxylate in a mixture of tetrahydrofuran and 
water are added 2.33 g (7.17 mmol) of cesium carbonate and 
0.45 g (2.9 mmol) of 2-chloropyridine-4-boronic acid. After 
sparging with a stream of argon for a few moments, 0.18 g 
(0.21 mmol) of 1,1'-bis(diphenylphosphino) ferrocene 
dichloro)palladium(II) (PdCl2(dppf)) is added and the reac 
tion mixture is refluxed under argon for 18 hours. The solvent 
is then stripped off under reduced pressure, the residue is 
taken up in chloroform, the organic phase obtained is washed 
with water, dried over sodium sulfate and filtered, and the 
filtrate is concentrated under reduced pressure. The brown 
solid obtained is purified by chromatography on silica gel (50 
g), eluting with a mixture of dichloromethane, methanol and 
aqueous ammonia (95/5/0.5). The product obtained is crys 
tallized from 20 ml of refluxing acetonitrile to give 0.95 g of 
a white powder after cooling, filtering off and drying. 
0509 Yield: 78% 
0510) "HNMR (CDC1,) 8:8.25 (d. 1H), 7.70 (d. 1H), 7.60 
(s, 1H), 7.45 (pseudo q, 2H), 7.25 (d. 1H), 6.95 (pseudot, 2H), 
6.80 (d. 1H), 3.25-3.50 (m, 8H), 1.35 (s, 9H) ppm. 

Step 5.5. tert-Butyl 4-3-2-(benzhydrylideneamino) 
pyrid-4-yl)-2-(4-fluorophenyl)-imidazo 1.2-bpy 

ridazin-6-yl)piperazine-1-carboxylate 

Synthesis According to Scheme 3 

0511 

a NetN. 
F N-N-N/ 

HC r N 

H3C N- 7 \ 
CH, O S^ 

'-O 
0512 To a suspension of 0.95 g (1.9 mmol) of tert-butyl 
4-3-(2-chloropyrid-4-yl)-2-(4-fluorophenyl)-imidazol-2- 
bipyridaZin-6-ylpiperazine-1-carboxylate and 0.41 g (2.2 
mmol) of benzhydrylideneamine in 100 mL of anhydrous 
toluene are added under argon 0.25 g (2.6 mmol) of sodium 
tert-butoxide and 46 mg (0.075 mmol) of (+)-2,2'-bis(diphe 
nylphosphino)-1,1'-binaphthyl. 
0513. After sparging with a stream of argon for a few 
moments, 34 mg (0.037 mmol) of tris(dibenzylideneacetone) 
dipalladium(0) are added and the reaction mixture is refluxed 
under argon for 18 hours. The medium is filtered while hot 
and the solvent is then stripped off under reduced pressure. 
The residue is taken up in chloroform, the organic phase 
obtained is washed with water, dried over sodium sulfate and 
filtered, and the filtrate is concentrated under reduced pres 
sure. The brown solid obtained is purified by chromatography 
on silica gel (50 g), eluting with a mixture of dichlo 
romethane, methanol and aqueous ammonia (95/2/0.2). The 
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product obtained is crystallized from a mixture of 20 mL of 
acetonitrile and 5 mL of n-butanol at reflux to give 0.80 g of 
a white powder after cooling, filtering off and drying. 
0514 Yield: 65% 
0515 H NMR (CDC1) 8: 8.25 (d. 1H), 7.70 (m, 3H), 
7.05-7.45 (m), 6.85-6.95 (m, 4H), 6.80 (d. 1H), 3.55-3.30 (m, 
8H), 1.40 (s.9H) ppm. 

Step 5.6. 4-2-(4-Fluorophenyl)-6-piperazin-1-ylimi 
daZo 1.2-bipyridazin-3-ylpyrid-2-ylamine 

0516 

Y 

0517. A suspension of 0.80 (1.22 mmol) oftert-butyl 4-3- 
2-(benzhydrylideneamino)pyrid-4-yl)-2-(4-fluorophenyl) 
imidazo 1.2-bipyridazin-6-yl)piperazine-1-carboxylate in 
70 mL of aqueous hydrochloric acid is maintained at 80° C. 
for about 1 hour 30 minutes. After cooling, the aqueous phase 
is washed twice with diethyl ether and then basified by addi 
tion of ice-cold aqueous ammonia. The product is extracted 
with chloroform and the organic phase obtained is washed 
with water, dried over sodium sulfate and filtered, and the 
filtrate is concentrated under reduced pressure. The brown 
solid obtained is purified by chromatography on silica gel (35 
g), eluting with a mixture of dichloromethane, methanol and 
aqueous ammonia (90/10/1). The product obtained is crystal 
lized from 20 mL of refluxing acetonitrile to give 0.38g of a 
white powder after cooling, filtering off and drying 
0518 m.p.: 255° C. (decomposition) 
0519 H NMR (CDC1) 8: 8.05 (d. 1H), 7.80 (d. 1H), 
7.60-7.70 (m, 2H), 6.85-7.15 (m, 4H), 6.80 (s, 1H), 4.45 
(broad unresolved complex, 2H), 3.40-3.60 (m, 4H), 2.95-3. 
10 (m, 4H) ppm. 

EXAMPLE 6 

(Compound 113): 4-2-(4-Fluorophenyl)-6-5-benzyl 
(hexahydropyrrolo3.4-cpyrrol-2(1H)-yl)-7,8-dim 
ethylimidazo[1,2-bipyridazin-3-ylpyrid-2-ylamine 

0520 

CH 

HC NaNeN 
F 

Sa N 
N N1 

Clu N \ s NH2 
N 
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Synthesis According to Scheme 1, Route 4 
Step 6.1. tert-Butyl 4-(4,4,5,5-tetramethyl-1,3,2- 

dioxaborolan-2-yl)pyrid-2-ylcarbamate 
0521 

HC CH3 

ty & 
O O 
NY 

C O CH3CH, 2 ls 41 
N N O CH 

H 

0522 To a solution of 6.76 (24.8 mmol) of tert-butyl 
(4-bromopyrid-2-yl)carbamate (Deady, Leslie W.; Korytsky, 
Olga L.; Rowe, Jeffrey E.; Aust. J. Chem.: 35; 10; 1982: 
2025-2034) in 150 mL of dimethylformamide are added 8.0 g 
(81 mmol) of potassium acetate predried at 130°C. and 6.9 g, 
(27 mmol) of bis(pinacolato)diboron. A stream of argon is 
then sparged through for a few moments, and 1.2 g (1.5 
mmol) of 1,1'-bis(diphenylphosphino)ferrocenedichloro 
palladium(II) are added. The mixture is stirred at 80°C. under 
argon for 2 hours and then poured into saturated aqueous 
ammonium chloride solution. The product is extracted with 
ethyl acetate, the organic phase is dried over Sodium Sulfate 
and the solvent is stripped off under reduced pressure. The 
residue is triturated in 300 mL of refluxing diisopropyl ether 
and the insoluble matter is separated out by filtration. 
0523 The filtrate is cooled and partially concentrated 
under reduced pressure. After adding 70 mL of hexane, the 
precipitate formed is isolated by filtration to give 4.2 g of an 
orange-colored solid after drying. 
0524. Yield: 53% 
0525 m.p.: 188-193° C. 
0526) "H NMR (CDC1,) 8: 8.15 (m, 2H), 7.65 (broads, 
1H), 7.15 (d. 1H), 1.40 (s, 9H), 1.20 (s, 12H) ppm. 

Step 6.2. 6-(5-Benzylhexahydropyrrolo3.4-cpyrrol 
2-yl)-2-(4-fluorophenyl)-7,8-dimethylimidazo 1.2-b 

pyridazine 
0527 

CH 

'nan-N 
F N - N- 2 K ) N1 N1 

Out 
0528. A mixture of 3.00 g (10.9 mmol) of 6-chloro-2-(4- 
fluorophenyl)-7,8-dimethylimidazo[1,2-bipyridazine and 
6.6 g (33 mmol) of 2-benzyloctahydropyrrolo3.4-cpyrrole 
in 20 mL of pentanol is heated at 150° C. for 2 days in a 
reactor. The medium is then poured into aqueous 1N hydro 
chloric acid solution. The aqueous phase is washed with ethyl 
acetate and then basified with sodium hydroxide. 
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0529. The product is extracted with dichloromethane and 
the organic phase is dried over Sodium Sulfate and then con 
centrated under reduced pressure. The yellow oil obtained is 
chromatographed on silica gel, eluting with dichloromethane 
containing 3% methanol and 0.3% aqueous ammonia. The 
product is then crystallized from diisopropyl ether to give 3.2 
g of a slightly yellow powder. 
0530 m.p.: 115-117° C. 
0531 H NMR (CDC1,) 8: 7.85 (m; 3H), 7.30 (m, 5H), 
7.05 (pseudot, 2H), 3.60 (s. 2H), 3.30 (m, 2H), 3.10 (m, 2H), 
2.80 (m, 4H), 2.55 (s, 3H), 2.35 (m, 2H), 2.25 (s.3H) ppm. 

Step 6.3. 6-(5-Benzylhexahydropyrrolo 3,4-cpyrrol 
2-yl)-2-(4-fluorophenyl)-3-iodo-7,8-dimethylimi 

daZo 1.2-bipyridazine 
0532 

CH 

HC N 

0533. To a solution, cooled to 0°C., of 3.2 g (7.3 mmol) of 
6-(5-benzylhexahydropyrrolo 3,4-cpyrrol-2-yl)-2-(4-fluo 
rophenyl)-7,8-dimethylimidazo[1,2-bipyridazine in 20 mL 
of chloroform is added dropwise a solution of 1.8g (11 mmol) 
of iodine monochloride in 3 mL of methanol and the medium 
is stirred for one hour at room temperature. The medium is 
then basified by addition of aqueous Sodium hydrogen car 
bonate solution and 5% sodium thiosulfate solution is then 
added until the medium has decolorized. 
0534. The product is extracted with chloroform, the 
organic phase is dried over Sodium Sulfate and filtered, and 
the solvent is evaporated off to give 3.2 g of a yellow powder 
after crystallization from diethyl ether and drying. 
0535 H NMR (DMSO-d) 8:8.35 (m; 2H), 7.65 (m, 7H), 
3.80 (s. 2H), 3.65 (m, 2H), 3.40 (m, 2H), 3.07 (m, 2H), 2.90 
(m. 2H), 2.65 (m, 2H), 2.5 (S. 3H) ppm. 

Step 6.4. tert-Butyl 4-6-(5-benzylhexahydropyr 
rolo 3,4-cpyrrol-2-yl)-2-(4-fluorophenyl)-7,8-dim 

ethylimidazo[1,2-bipyridazin-3-ylpyrid-2- 

21 

yl)carbamate 
0536 

CH3 

'nan-N 

Out 
so 

O 

Act H3C CH 
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0537. To a solution of 3.60 g (6.34 mmol) of 6-(5-benzyl 
hexahydropyrrolo3,4-cpyrrol-2-yl)-2-(4-fluorophenyl)-3- 
iodo-7,8-dimethylimidazo 1,2-bipyridazine in 15 mL of a 
mixture oftetrahydrofuran and water (9:1) are added 6.2 g (19 
mmol) of cesium carbonate and 2.4 g (7.6 mmol) of tert-butyl 
4-(4.4.5.5-tetramethyl-1,3,2-dioxaborolan-2-yl)pyrid-2-yl) 
carbamate. After sparging with a stream of argon for a few 
moments, 0.47 mg (0.57 mmol) of a complex of 1,1'-bis 
(diphenylphosphino) ferrocenedichloropalladium(II) and 
dichloromethane (PdCl2(dppf)..CHCl) is added and the 
reaction mixture is refluxed under argon for 5 hours. The 
mixture is then poured into 250 mL of water and the product 
is extracted with ethyl acetate, the organic phase is dried over 
sodium sulfate and filtered, and the solvent is evaporated off 
to give a brown solid. The product is purified by chromatog 
raphy on silica gel, eluting with a mixture of dichlo 
romethane, methanol and aqueous ammonia (95:5:05) to give 
2.91 g of a beige-colored solid. 
0538 m.p.: 214-216° C. 
0539 HNMR (CDC1) 8:8.70 (s, 1H), 8.20 (d; 1H), 7.92 
(s, 1H), 7.7 (m, 2H), 7.3–7.4 (m, 4H), 7.1 (m, 3H), 3.70 (s, 
2H), 3.35 (m, 4H), 3.0 (m, 4H), 2.70 (m, 4H), 2.70 (s, 3H), 
2.35 (s+m, 3+2H), 1.55 (s, 9H) ppm. 

Step 6.5. 4-6-(5-Benzylhexahydropyrrolo 3,4-c. 
pyrrol-2-yl)-2-(4-fluorophenyl)-7,8-dimethylimidazo 

1.2-bipyridazin-3-ylpyrid-2-ylamine 

0540 

CH3 

HC 21 2N 
F N - N/ N1 N1 

Z Out \ s NH2 
N 

0541. To a solution of 2.9 g (4.58 mmol) of tert-butyl 
{4-6-(5-benzylhexahydropyrrolo[3,4-clpyrrol-2-yl)-2-(4- 
fluorophenyl)-7,8-dimethylimidazo[1,2-bipyridazin-3-yl) 
pyrid-2-yl)carbamate in 30 mL of dichloromethane are 
added 6.8 mL of trifluoroacetic acid and the reaction is stirred 

for 2 hours. The medium is poured into 200 mL of water and 
the mixture is basified by addition of aqueous ammonia. 
0542. The organic phase is separated out, dried over 
Sodium sulfate and concentrated to dryness under reduced 
pressure. 2.3 g of a white gummy Solid are thus isolated. 
0543 m.p.: 113° C. 
0544 H NMR (CDC1) 8: 8.10 (d. 1H), 7.70 (m; 2H), 7.3 
(m, 4H), 7.1 (pseudot, 2H), 7.00 (d. 1H), 6.90 (s, 1H), 4.40 
(broads, 2H), 3.65 (s. 2H), 3.3 (m, 4H), 2.9 (m, 4H), 2.65 (s. 
3H), 2.35 (s+m, 3+2H), 1.55 (s, 9H) ppm. 
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EXAMPLE 7 

(Compound 114): 4-2-(4-Fluorophenyl)-6-(hexahy 
dropyrrolo3.4-cpyrrol-2-yl)-7,8-dimethylimidazo 

1.2-bipyridazin-3-ylpyrid-2-ylamine 

0545 

CH3 

HC NaN2N 
F N - N/ 

N N1 

HN \ 
S. NH2 

N 

0546. To a solution of 2.30 g (4.3 mmol) of 4-6-(5-ben 
Zylhexahydropyrrolo3.4-cpyrrol-2-yl)-2-(4-fluorophenyl)- 
7,8-dimethylimidazo 1.2-bipyridazin-3-ylpyrid-2-ylamine 
in 150 mL of methanol are added 4 g (64 mmol) of ammo 
nium formate and 1 g of 10% palladium-on-charcoal contain 
ing 50% water. The mixture is stirred at reflux for 2 hours and 
the solvent is then removed under reduced pressure. The 
residue is taken up in water and the resulting aqueous phase is 
basified using aqueous 1N sodium hydroxide. The product is 
extracted with chloroform, the organic phase is washed with 
water, dried over sodium sulfate and filtered, and the solvent 
is evaporated off to give an orange-colored oil. After purifi 
cation by chromatography on a column of silica gel, eluting 
with a mixture of dichloromethane, methanol and aqueous 
ammonia (87:13:1.3), 1.23g of a white powder are obtained 
after crystallization from ether and drying under reduced 
pressure. 

(0547 m.p.: 254-256° C. 
(0548 H NMR (DMSO-d) 8: 7.95 (d. 1H), 7.60 (pseudo 
dd; 2H), 7.20 (pseudot, 2H), 6.65 (s, 1H), 6.65 (d. 1H), 5.95 
(broads, 1H), 3.3 (m, 6H), 2.8-3.1 (m, 4H), 2.8-2.25 (m), 2.25 
(S. 3H), ppm. 

EXAMPLE 8 

(Compound 111): 4-2-(4-Chlorophenyl)-6-(hexahy 
dropyrrolo 3,4-cpyrrol-2(1H)-yl)imidazo 1,2-b 

pyridazin-3-ylpyrid-2-ylamine 

0549 

21Ne.N. 
C N / 1s 

Z HN \ 
S. NH2 

N 
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Synthetic Process According to Scheme 1, Route 1 
Step 8.1.6-Chloro-2-(4-chlorophenyl)-3-iodoimi 
daZo1.2-bipyridazine (According to Scheme 6) 

0550 

/ C 

0551) To a solution, cooled to 0°C., of 3.00 g (11.1 mmol) 
of 6-chloro-2-(4-chlorophenyl)-3-iodoimidazo[1,2-bpy 
ridazine (CAS No.: 1844-56-0) in 55 mL of chloroform is 
rapidly added dropwise a solution of 2.70 g (16.7 mmol) of 
iodine monochloride in 15 mL of chloroform. After cooling to 
room temperature and stirring for 3 hours, a further 0.75 g (4.6 
mmol) of iodine monochloride is added and the reaction 
mixture is stirred for a further one hour. The mixture is then 
treated with aqueous 5% sodium thiosulfate solution. The 
product is extracted with dichloromethane. The organic phase 
is dried by filtration through a hydrophobic filter cartridge 
and concentrated under reduced pressure. The residue is tritu 
rated in acetonitrile, and the solid is isolated by filtration. 3.8 
g of a beige-colored powder are isolated after drying under 
WaCUU. 

0552 m.p.: 201-203° C. 
0553 "H NMR (CDC1) 8: 8.20 (d; 1H), 8.10 (d. 2H), 8.6 
(d. 2H), 7.45 (d. 1H) ppm. 

Step 8.2. tert-Butyl 4-6-chloro-2-(4-chlorophenyl) 
imidazo[1,2-bipyridazin-3-ylpyrid-2-yl)carbamate 

0554 

/ C 

0555. To a suspension of 3 g (7.31 mmol) of 6-chloro-2- 
(4-chlorophenyl)-3-iodoimidazo 1,2-bipyridazine in 183 mL 
of a mixture of tetrahydrofuran and water (9:1) are added 7.1 
g (22 mmol) of cesium carbonate and 2.90 g (8.8 mmol) of 
tert-butyl 4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl) 
pyrid-2-ylcarbamate. After sparging with a stream of argon 
for a few moments, 0.54 g (0.66 mmol) of 1,1'-bis(diphe 
nylphosphino) ferrocenedichloropalladium(II) is added and 
the reaction mixture is refluxed under argon for 18 hours. 
After filtering through a Whatman filter and through Celite, 
the filtrate is then concentrated under reduced pressure to give 
7.0 g of a brown residue. The residue is taken up in water, the 
product is extracted with dichloromethane, the organic phase 
is dried over sodium sulfate and filtered, and the solvent is 
evaporated off to give 3.5g of a dark powder. 

Jul. 15, 2010 

0556. The product is purified by chromatography on silica 
gel, eluting with a mixture of dichloromethane and ethyl 
acetate (100:0 to 80:20) to give 1.8g of beige-colored crystals 
after crystallization from diisopropyl ether and drying under 
reduced pressure. 
0557 m.p.: 212-214° C. 
0558 H NMR (DMSO-d) 8: 9.9 (s; 1H), 8.4 (d. 1H), 8.3 
(d. 1H), 7.95 (s, 1H), 7.60 (d. 2H), 7.45 (m,3H), 7.15 (d. 1H), 
4.40 (s, 9H) ppm. 

Step 8.3. 4-6-Chloro-2-(4-chlorophenyl)imidazol, 
2-bipyridazin-3-ylpyrid-2-ylamine 

0559 

21Ne.N. 
C N --N/ 

C N1 

S. NH2 
N 

0560. To a suspension of 0.76 g (1.67 mmol) of tert-butyl 
{4-6-chloro-2-(4-chlorophenyl)imidazo[1,2-bipyridazin-3- 
ylpyrid-2-yl)carbamate in 8 mL of dichloromethane are 
added 4 mL (48 mmol) of hydrochloric acid. After stirring for 
2 hours at room temperature, the solvent is evaporated off 
under reduced pressure, the oily residue is taken up with 
aqueous ammonia and the product is extracted with dichlo 
romethane. The organic phase is filtered on a hydrophobic 
cartridge and concentrated under reduced pressure. The Solid 
obtained is triturated with diisopropyl ether to give 0.56 g of 
Solid after filtering off and drying under reduced pressure. 
0561 m.p.: 269-271° C. 
0562 H NMR (DMSO-d) 8: 8.25 (d; 1H), 8.05 (d. 1H), 
7.65 (d. 1H), 7.45 (m, 3H), 6.65 (m, 2H), 6.1 (broads, 2H) 
ppm. 

Step 8.4. tert-Butyl 5-3-(2-aminopyrid-4-yl)-2-(4- 
chlorophenyl)imidazo 1.2-bipyridazin-6-ylhexahy 

dropyrrolo3.4-cpyrrole-2-carboxylate 
0563 

C 

N-N/ 

Y O N 
s NH2 

N 
HC O 

D1 
CH3 

0564. A mixture of 0.15 g (0.42 mmol) of 4-6-chloro-2- 
(4-chlorophenyl)imidazo 1,2-bipyridazin-3-ylpyrid-2- 
ylamine and 0.36 g (1.7 mmol) of tert-butyl hexahydropyr 
rolo 3,4-cpyrrole-2-carboxylate in 7 mL of pentanol is 
stirred at 135° C. for 20 hours. The solvent is then evaporated 
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off under reduced pressure and the oily residue is chromato 
graphed on a column of silica gel, eluting with a stepwise 
gradient of methanol and aqueous ammonia in dichlo 
romethane (0:0:100 to 2:1:98). 0.16 g of product is isolated 
after trituration in diisopropyl ether, filtering off and drying 
under reduced pressure. 
0565 H NMR (DMSO-d) 8: 7.95 (d; 1H), 7.85 (d. 1H), 
7.55 (d. 2H), 7.40 (d. 2H), 6.90 (d. 1H), 6.70 (s, 1H), 6.55 (d. 
1H), 5.95 (broads, 2H), 2.9-3.7 (m), 1.35 (s, 9H) ppm. 

Step 8.5. 4-2-(4-Chlorophenyl)-6-(hexahydropyr 
rolo 3,4-cpyrrol-2-yl)imidazo 1,2-bipyridazin-3-yl) 

pyrid-2-ylamine 

0566 

21Ne.N. 
C N - N/ 

N N1 

HN \ 
Sea. NH2 

N 

0567 To a solution of 0.16 g (0.29 mmol) of tent-butyl 
5-3-(2-aminopyrid-4-yl)-2-(4-chlorophenyl)-imidazol-2- 
bipyridazin-6-ylhexahydropyrrolo 3,4-cpyrrole-2-car 
boxylate in 3 mL of dichloromethane are added 1.5 mL (18 
mmol) of concentrated hydrochloric acid. After stirring for 1 
hour at room temperature, the solvent is evaporated off under 
reduced pressure, the oily residue is taken up with aqueous 
ammonia and the product is extracted with dichloromethane. 
The organic phase is filtered on a hydrophobic cartridge and 
concentrated under reduced pressure. The solid obtained is 
triturated with diisopropyl ether to give 0.091 g of solid after 
filtering off and drying under reduced pressure. 
0568 m.p.: 267-270° C. 
0569 H NMR (DMSO-d) 8: 7.95 (d; 1H), 7.85 (d. 1H), 
7.60 (d. 2H), 7.40 (d. 2H), 6.95 (d. 1H), 6.70 (s, 1H), 6.60 (d. 
1H), 5.95 (broads, 2H), 3.6 (m, 2H), 3.4-3.1 (m), 2.7-3.95 (m, 
4H), 2.6 (d. 2H) ppm. 

EXAMPLE 9 

(Compound 65): 2-4-2-(4-Fluorophenyl)-3-(2- 
methoxypyrid-4-yl)imidazo 1,2-b-pyridazin-6-yl 

piperazin-1-yl)ethanol 

0570 

21Ne.N. 
7 F 

r N N- N 
--- Z \ 

S. O 
N \ 

CH3 
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Synthesis According to Scheme 1, Route 1 
Step 9.1. 6-Chloro-2-(4-fluorophenyl)-3-iodoimi 

daZo 1.2-bipyridazine 
0571 

21Ne.N. 
F N - N/ 

C N1 
I 

(0572 To a solution, cooled to 0°C., of 5.20 g (21.0 mmol) 
of 6-chloro-2-(4-fluorophenyl)imidazo 1,2-bipyridazine 
(CAS No.: 244081-70-7) in 130 mL of chloroform is rapidly 
added dropwise a solution of 6.61 g (40.9 mmol) of iodine 
monochloride in 40 mL of chloroform. After cooling to room 
temperature and stirring for 4 hours, the mixture is treated 
with aqueous 5% sodium thiosulfate solution. The product is 
extracted with dichloromethane. The organic phase is dried 
by filtration through a hydrophobic filter cartridge and con 
centrated under reduced pressure. The residue is triturated in 
acetonitrile, and the solid is isolated after filtering off and 
rinsing with diisopropyl ether. 5.7 g of a beige-colored pow 
der are isolated after drying under vacuum. 
(0573 m.p.: 2.15° C. 
0574 HNMR (DMSO-d) 8: 8.20 (m;3H), 7.40 (m,3H) 

Step 9.2. 6-Chloro-2-(4-fluorophenyl)-3-(2-meth 
oxypyrid-4-yl)imidazo 1,2-bipyridazine (According 

to Scheme 6) 
(0575 

21Ne.N. 
F N - N/ 

C N1 

O 

CH 

0576. To a suspension of 5.7 g (14.8 mmol) of 6-chloro 
2-(4-fluorophenyl)-3-iodoimidazo 1.2-bipyridazine in 370 
mL of a mixture of tetrahydrofuran and water (9:1) are added 
14.7 g (44.4 mmol) of cesium carbonate and 2.77 g (17.8 
mmol) of (2-methoxypyrid-4-yl)boronic acid. After sparging 
with a stream of argon for a few moments, 0.98 g (1.2 mmol) 
of a complex of 1,1'-bis(diphenylphosphino)ferrocene 
dichloropalladium(II) and dichloromethane (PdCl(dppf). 
CHCl) is added and the reaction mixture is refluxed under 
argon for 4 hours. The medium is then concentrated under 
reduced pressure to give a black residue. The residue is taken 
up in 200 mL of water, the product is extracted with 500 mL 
of dichloromethane, the organic phase is dried by passing 
through a hydrophobic filter, filtered and the solvent is evapo 
rated off to give 7 g of residue. The product is purified by 
chromatography on silica gel, eluting with a mixture of 
dichloromethane and ethyl acetate (100:0 to 70:30) to give 3.5 
g of beige-colored crystals after crystallization from diiso 
propyl ether and drying under reduced pressure. 
(0577 m.p.: 1849 C. 
0578 HNMR (DMSO-d) 8:8.30 (m, 2H), 7.60 (m, 2H), 
7.45 (d. 1H), 7.20 (pseudot, 2H), 7.05 (m, 2H), 2.90 (s.3H) 
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Step 9.3. 2-4-2-(4-Fluorophenyl)-3-(2-methoxypy 
rid-4-yl)imidazo 1.2-bipyridazin-6-ylpiperazin-1- 

yl)ethanol 
0579 

21Ne.N. 
F N - N/ 

r N1 
1N1 Nu Z \ 

O 

CH 

0580. A mixture of 0.25 g (0.70 mmol) of 6-chloro-2-(4- 
fluorophenyl)-3-(2-methoxypyrid-4-yl)imidazo-1,2-bpy 
ridazine and 0.37 g (2.8 mmol) of 2-(piperazin-1-yl)ethanol 
in 6 mL of pentanol is stirred at 135° C. for 18 hours. The 
solvent is then evaporated off under reduced pressure and the 
oily residue is chromatographed on a column of silica gel. 
eluting with a stepwise gradient of methanol and aqueous 
ammonia indichloromethane (0/0/100 to Feb. 1, 1998). 0.136 
g of product is isolated after trituration in diisopropyl ether, 
filtering off and drying under reduced pressure. 
0581 m.p.: 176-179° C. 
0582 'HNMR (CDC1) 8:8.20 (d; 1H), 7.80 (d. 1H), 7.60 
(d. 2H), 7.00-7.15 (m, 4H), 4.00 (s, 3H), 3.70 (m, 2H), 3.55 
(m, 4H), 2.7 (m, 6H) ppm. 

EXAMPLE 10 

(Compound 130): 9-3-(2-Methylpyrid-4-yl)-2-phe 
nylimidazo[1,2-bipyridazin-6-yl)-2,9-diazaspiro5.5 

undecane 

0583 

21N2N. 

N - N/ 
N N1 

S. CH 
N 

Synthetic Process According to Scheme 1, Route 1 
Step 10.1.6-Chloro-2-phenyl-3-iodoimidazo 1,2-b 

pyridazine 

0584) 
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0585. To a solution, cooled to 0°C., of 10.4 g (45.4 mmol) 
of 6-chloro-2-phenylimidazo[1,2-bipyridazine (CAS No.: 
1844-53-7) in 500 mL of chloroform is rapidly added drop 
wise a solution of 11.1 g (68.1 mmol) of iodine monochloride 
in 100 mL of chloroform. After cooling to room temperature 
and stirring for 1 hour, the mixture is treated with aqueous 5% 
sodium thiosulfate solution. The product is extracted with 
dichloromethane and the organic phase is dried over Sodium 
Sulfate and concentrated under reduced pressure. The residue 
is triturated in 150 ml of acetonitrile containing a few mL of 
isopropyl alcohol and the solid is isolated after filtration. 15 g. 
of a yellow powder are isolated after drying under vacuum. 
0586 m.p.: 207-212° C. 
0587 H NMR (DMSO-d) 8: 8.15 (dd; 2H), 7.90 (d. 
1H)), 7.5 (d. 3H)), 7.15 (d. 1H) ppm. 

Step 10.2. 6-Chloro-2-phenyl-3-(2-methylpyrid-4-yl) 
imidazo 1.2-bipyridazine (According to Scheme 6) 

0588 

21Ne.N. 

N -N/ 
C N1 

S. CH3 
N 

0589 To a suspension of 4.33 g (14.8 mmol) of 6-chloro 
2-phenyl-3-iodoimidazo[1,2-bipyridazine in 200 mL of a 
mixture of tetrahydrofuran and water (9:1) are added 11.9 g, 
(36.5 mmol) of cesium carbonate and 2 g (14.6 mmol) of 
(2-methylpyrid-4-yl)boronic acid. After sparging with a 
stream of argon for a few moments, 0.89 g (1.1 mmol) of a 
complex of 1,1'-bis(diphenylphosphino)ferrocenedichloro 
palladium(II) and dichloromethane (PdCl2(dppf). CHCl) is 
added and the reaction mixture is refluxed under argon for 18 
hours. The medium is then concentrated under reduced pres 
Sure to give a black residue. 
0590 The residue is taken up in 1N hydrochloric acid and 
the solution is filtered through a Bichner funnel. The aqueous 
phase is washed with diethyl ether and is then basified with 
aqueous ammonia. 
0591. The product is then extracted with dichloromethane 
and the organic phase is dried over Sodium sulfate and con 
centrated under reduced pressure to give 3.3 g of a yellowish 
residue. The product is purified by chromatography on silica 
gel, eluting with a mixture of dichloromethane, methanol and 
aqueous ammonia (98/2/0.2)) to give 2.65 g of a pale yellow 
Solid after drying under reduced pressure. 
0592 m.p.: 183-188° C. 
0593 H NMR (DMSO-d) 8: 8.60 (d. 1H), 8.05 (d. 1H), 
7.7 (m, 1H), 7.5 (m, 5H), 7.20 (d. 1H), 2.60 (s, 3H) ppm. 
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Step 10.3. 9-3-(2-Methylpyrid-4-yl)-2-phenylimi 
dazo[1,2-bipyridazin-6-yl)-2,9-diazaspiro5.5unde 

CaC 

0594 

21N2N. 

N - N/ 
N N1 

S. CH 
N 

0595. A mixture of 0.80 g (2.5 mmol) of 6-chloro-2-phe 
nyl-3-(2-methylpyrid-4-yl)imidazo 1,2-bipyridazine and 2.2 
g (7.5 mmol) of tert-butyl 2,9-diazaspiro5.5undecane-2- 
carboxylate in 8 mL of pentanol is stirred at 150° C. for 40 
hours. 
0596. The mixture is then poured into 30 mL of aqueous 
3N hydrochloric acid and stirred for 2 hours. The aqueous 
phase is washed with diethyl ether and then basified with 
aqueous ammonia. 
0597. The product is then extracted with dichloromethane 
and the organic phase is dried over Sodium sulfate and con 
centrated under reduced pressure to give 0.76 g of solid. The 
product is crystallized from 30 ml of acetonitrile to give 0.577 
g of product after drying under reduced pressure. 
0598 m.p.: 175-1799 C. 
0599 HNMR (CDC1) 8:8.50 (d; 1H), 7.75 (d. 1H), 7.65 
(m. 2H), 7.50 (s, 1H), 7.30-7.45 (m, 4H), 6.90 (d. 1H), 3.50 (t, 
4H), 2.85 (m, 2H), 2.75 (s.2H), 2.55 (s.3H), 1.6-1.75 (m, 6H) 
ppm. 

EXAMPLE 11 

(Compound 147): 2-Phenyl-3-pyrid-4-yl-6-(4-pyrro 
lidin-1-ylpiperid-1-yl)-imidazo 1,2-bipyridazine 

0600 

/ 
N N-N 

or C 
Synthetic Process According to Scheme 1, Route 2 
Step 11.1.2-Bromo-1-phenyl-2-pyrid-4-ylethanone 

0601 

Br 
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0602. To a solution of 36 g (182 mmol) of 1-phenyl-2- 
pyrid-4-ylethanone in 350 mL of acetic acid are successively 
added at room temperature 28 ml (210 mmol) of a solution 
containing 30% by weight of hydrobromic acid in acetic acid 
and 10.1 ml (197 mmol) of bromine dissolved in 50 mL of 
acetic acid. The solution is heated at 60° C. for one hour and 
then cooled. The product is precipitated by adding diethyl 
ether, and 63 g of a yellow solid are isolated after drying. 
0603 H NMR (DMSO-d) 8: 8.80 (d; 2H), 8.10 (d. 2H), 
7.90 (d. 2H), 7.70 (m. 1H), 7.60 (m, 2H), 7.25 (s, 1H) ppm. 

Step 11.2. 6-Chloro-2-phenyl-3-pyrid-4-ylimidazo1, 
2-bipyridazine 

0604 

21Ne.N. 

N -N/ 
C N1 

S. 
N 

0605. A mixture of 13 g (36.5 mmol) of 2-bromo-1-phe 
nyl-2-pyrid-4-ylethanone (CAS No.:741633-76-1) and 18.9 
g (146 mmol) of 6-chloropyridazin-3-ylamine in 200 mL of 
ethanol is maintained at 90° C. for 5 hours 30 minutes. After 
cooling, the solvent is evaporated off under reduced pressure, 
the medium is taken up in 50 mL of water and the product is 
extracted with ethyl acetate. The organic phases are dried over 
magnesium sulfate and then concentrated under reduced 
pressure. 
0606. The solid obtained is recrystallized from 50 mL of 
methanol to give 4.0 g of yellow crystals after drying. 
0607 H NMR (CDC1) 8: 8.80 (d. 2H), 8.10 (d. 1H), 
7.55-7.80 (m, 4H), 7.50 (m, 2H), 7.35 (s, 1H), 7.20 (d. 1H) 

Step 11.3.2-Phenyl-3-pyrid-4-yl-6-(4-pyrrolidin-1- 
ylpiperid-1-yl)imidazo 1.2-bipyridazine 

0608 

21Ne.N. 

N - N/ 
N N1 

C Y S. 
N 

0609. A mixture of 4.03 g (13.1 mmol) of 6-chloro-2- 
phenyl-3-pyrid-4-ylimidazo 1.2-bipyridazine and 4.4 g (29 
mmol) of 4-pyrrolidin-1-ylpiperidine in 50 mL of ethanol is 
heated at 155° C. for 4 hours. After cooling, the solvent is 
evaporated off under reduced pressure and the residue is 
chromatographed on silica gel, eluting with a mixture of 
dichloromethane and methanol (93:7). The product is then 
recrystallized from 40 mL of methanol to give 1.5g of yellow 
crystals after drying under reduced pressure. 
0610 m.p.: 165.0-165.5° C. 
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0611 "H NMR (CDC1) 8:8.65 (d; 2H), 7.80 (d. 1H), 7.65 
(m, 4H), 7.35 (m, 3H), 6.95 (d. 1H), 4.10 (m, 2H), 3.00 (m, 
2H), 2.60 (m, 4H), 2.55 (m. 1H), 2.05 (m, 2H), 1.85 (m, 4H), 
1.65 (m. 2H) ppm. 

BIOLOGICAL, EXAMPLES 

0612. The capacity of the compounds of the invention to 
inhibit the phosphorylation of casein by casein kinases 1 
epsilon and delta may be evaluated according to the proce 
dure described in document US 2005/O 131 012. 

Filter-Plate Assay of ATP-P for the Screening of CK1 Epsi 
lon Inhibitors: 

0613. The effect of the compounds on inhibition of the 
phosphorylation of casein by the enzyme casein kinase 1 
epsilon (CK1 epsilon) is measured, using a casein assay via 
filtration of ATP-P in vitro. 
0614 Casein kinase 1 epsilon (0.58 mg/ml) is obtained via 
fermentation and purification processes performed according 
to methods that are well known to those skilled in the art, or 
may also be obtained from Invitrogen CorporationTM (human 
CK1 epsilon). 
0615. The compounds are tested at five different concen 
trations so as to generate ICso values, i.e. the concentration at 
which a compound is capable of inhibiting the enzymatic 
activity by 50%, or alternatively the percentage of inhibition 
at a concentration of 10 micromolar. 
0616) “U”-bottomed Falcon plates are prepared by placing 
5uL of solutions of the compounds according to the invention 
at concentrations of 10, 1, 0.1, 0.01 or 0.001 uM in different 
wells. The solutions of the compounds according to the inven 
tion at these various concentrations are prepared by diluting 
in a test buffer (Tris 50 mM pH 7.5, MgCl, 10M, DTT 2 mM 
and EGTA 1 mM) a stock solution in DMSO at a concentra 
tion of 10 mM. Next, 5 u of dephosphorylated casein are 
added to a final concentration of 0.2 Lug/uL. 20 uL of CK1 
epsilon to a final concentration of 3 ng/LL, and 20 LL of 
ATP-P to a final concentration of 0.02 uCi/LL mixed with 
cold ATP (10 uM final approximately 2x10 CPM per 
well). The final total test volume per well is equal to 50 uL. 
0617 The “U”-bottomed Falcon R test plate mentioned 
above is vortexed, and then incubated at room temperature for 
2 hours. After 2 hours the reaction is stopped by adding an 
ice-cold solution of 65uL of cold ATP (2 mM) prepared intest 
buffer. 

0618 100 uL of the reaction mixture are then transferred 
from the “U”-bottomed Falcon R plate into Millipore(R) 
MAPH filter plates, preimpregnated with 25 uL of ice-cold 
100% TCA. 
0619. The Millipore MAPH filter plates are agitated gen 
tly and are left to stand at room temperature for at least 30 
minutes to precipitate the proteins. 
0620. After 30 minutes, the filter plates are sequentially 
washed and filtered with 2x150puL of 20%TCA 2x150puL of 
10% TCA and 2x150 uL of 5% TCA (6 washes in total per 
plate/900 uL per well). 
0621. The plates are left to dry overnight at room tempera 

ture. Next, 40 uL of Microscint-20 Packard(R) scintillation 
liquid are added per well and the plates are closed in a leak 
tight manner. The radiation emitted by each well is then 
measured for 2 minutes in a TopCount NXT Packard(R) scin 
tillation counter, in which the values of CPM/well are mea 
Sured. 
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0622. The percentage inhibition of the capacity of the 
enzyme to phosphorylate the Substrate (casein) is determined 
for each concentration of test compound. These inhibition 
data expressed as percentages are used to calculate the ICso 
value for each compound compared with the controls. 
0623 The kinetic studies determined the K value for 
ATP as being 21 uM in this test system. Under these condi 
tions, the compounds of the invention that are the most active 
have ICs values (concentrations that inhibit 50% of the enzy 
matic activity of casein kinase 1 epsilon or casein kinase 1 
delta) of between 1 nM and 200 nM. 
0624 Table 2 below gives the ICs values for the inhibition 
of phosphorylation of casein kinase 1 epsilon for a number of 
compounds according to the invention. 

TABLE 2 

Compound CK1 epsilon ICso (nM) 

1 3 
3 1 

30 60 
147 22-116 
153 8 

0625. The capacity of the compounds of the invention to 
inhibit the phosphorylation of casein by the casein kinases 1 
epsilon and delta may be evaluated using an FRET (Fluores 
cence Resonance Energy Transfer) fluorescence test with the 
aid of the “ZLyteTM kinase assay kit' (reference PV3670; 
Invitrogen CorporationTM) according to the manufacturer's 
instructions. 

0626. The casein kinases 1 used are obtained from Invit 
rogen Corporation (human CK1 epsilon PV3500 and human 
CK1 delta PV3665). 
0627. A peptide substrate, labeled at both ends with a 
fluorophore-donating group (coumarin) and a fluorophore 
accepting group (fluorescein) constituting an FRET system is 
dephosphorylated in the presence of ATP by casein kinase 1 
epsilon or delta in the presence of increasing concentrations 
of compounds of the invention. 
0628. The mixture is treated with a site-specific protease 
that specifically cleaves the substrate peptide to form two 
fluorescent fragments having a large fluorescence emission 
ratio. 

0629. The fluorescence observed is thus related to the 
capacity of the products of the invention to inhibit the phos 
phorylation of the Substrate peptide by casein kinase 1 epsilon 
or casein kinase 1 delta. 

0630. The compounds of the invention are dissolved at 
different concentrations starting with a 10 mM stock solution 
in DMSO diluted in a buffer containing 50 mM HEPS, pH 
7.5, 1 mM EGTA, 0.01% Brij-35, 10 mM MgCl, for casein 
kinase 1 epsilon and supplemented with Trizma Base (50 
mM), pH 8.0 and NaNs (0.01% final) for casein kinase 1 delta. 
06.31 The phosphorylation of the substrate peptide SER/ 
THR 11 obtained from Invitrogen CorporationTM is per 
formed at a final concentration of 2 uM. The ATP concentra 
tion is 4 times the K this value being 2 LM for casein kinase 
1 epsilon and 4 LM for casein kinase 1 delta. 
0632. The emitted fluorescence is measured at wave 
lengths of 445 and 520 nm (excitation at 400 nm). Under these 
conditions, the compounds of the invention that are the most 
active have ICs values (concentration that inhibits 50% of the 
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enzymatic activity of casein kinase 1 epsilon or casein kinase 
1 delta) of between 1 nM and 200 nM. 
0633 Table 3 below gives the ICs values for the inhibition 
of phosphorylation of casein kinase 1 delta for a number of 
compounds according to the invention. 

TABLE 3 

Compound CK1 delta ICso (nM) 

31 91-93 
50 5 
81 59-110 

147 50-53 

0634. It is thus seen that the compounds according to the 
invention have inhibitory activity on the enzyme casein 
kinase 1 epsilon or casein kinase 1 delta. 

Experimental Protocols for Circadian Cell Assay 
0635 Mper1-luc Rat-1 (P2C4) fibroblast cultures were 
prepared by dividing the cultures every 3-4 days (about 
10-20% of confluence) on 150 cm degassed polystyrene 
tissue culture flasks (Falcon R) # 35-5001) and maintained in 
growth medium EMEM (Cellgro #10-010-CV); 10% fetal 
bovine serum (FBS; Gibco #16000-044); and 50 IU/mL of 
penicillin-streptomycin (Cellgro #30-001-CI) at 37° C. and 
under 5% CO. 
0636 Cells obtained from Rat-1 fibroblast cultures at 
30-50% of confluence as described above were co-trans 
fected with vectors containing the selection marker for resis 
tance to Zeocin for a stable transfection and a luciferase 
reporter gene directed by the promoter mPer-1. After 24 to 48 
hours, the cultures were divided on 96-well plates and main 
tained in growth medium supplemented with 50-100 ug/mL 
of Zeocin (Invitrogen R #45-0430) for 10-14 days. The Zeo 
cin-resistant stable transfectants were evaluated for expres 
sion of the reporter by adding to the growth medium luciferin 
100LM (Promega(R)#E 1603(R) and by assaying the luciferase 
activity on a TopCount(R) scintillation counter (Packard model 
iC384V00). The Rat-1 cell clones expressing both zeocin 
resistance and luciferase activity directed by mPerl were 
serum-shock synchronized with 50% horse serum HS 
(Gibco(R) #16050-122) and the activity of the circadian 
reporter was evaluated. The P2C4 clone offibroblasts Mper1 
luc Rat-1 was selected to test the compound. 
0637. The Mper1-luc Rat-1 (P2C4) fibroblasts at 40-50% 
of confluence obtained according to the protocol described 
above were plated out onto 96-well opaque tissue culture 
plates (Perkin Elmer R #6005680). The cultures are main 
tained in growth medium Supplemented with 100 ug/mL of 
Zeocin (Invitrogen #45-0430) until they reached 100% of 
confluence (48-72 hours). The cultures were then synchro 
nized with 100LL of synchronization medium EMEM (Cell 
gro #10-010-CV); 100 I.U./mL of penicillin-streptomycin 
(Cellgro #30-001-C1); 50% HS (Gibco #16050-122) for 2 
hours at 37° C. and under 5% CO. After synchronization, the 
cultures were rinsed with 100 uL of EMEM (Cellgro #10 
010-CV) for 10 minutes at room temperature. After rinsing, 
the medium is replaced with 300 uL of CO-independent 
medium COI (Gibco #18045-088); L-glutamine 2 mM 
(Cellgro #25-005-C1); 100 U.I./mL of penicillin-streptomy 
cin (Cellgro #30-001-C1); luciferin 100 uM (Promega #E 
1603). The compounds of the invention tested for the circa 
dian effects were added to CO-independent medium in 

36 
Jul. 15, 2010 

DMSO at 0.3% (final concentration). The cultures were 
immediately closed in a leak tight manner with TopSeal-AR) 
film (Packard #6005185) and transferred for the luciferase 
activity measurement. 
0638. After synchronization, the test plates were main 
tained at 37° C. in a tissue culture oven (Form a Scientific 
Model #3914). The in vivo luciferase activity was estimated 
by measuring the relative light emission on a TopCount Scin 
tillation counter (Packard model #C384V00). 
0639. The period analysis was performed either by deter 
mining the interval between the relative light emission 
minima over several days or by Fourier transform. 
0640 The two methods produced a virtually identical 
period estimation on a range of circadian periods. The power 
is given in CE Delta (t+1 h), which is presented as the effec 
tive micromolar concentration that induce a 1-hour prolon 
gation of the period. The data were analyzed by adjusting a 
hyperbolic curve to the data expressed as change of period 
(y-axis) as a function of the concentration of the test com 
pound (X-axis) in the XLfitTM software and the CE Delta (t+1 
h) was interpolated from this curve. 
(0641 Table 4 below gives the CE Delta (t+1 h) for a 
number of compounds according to the invention. 

TABLE 4 

Compound CE Delta (t + 1 h) (nM) 

50 28 
115 2 
146 39 
153 2-9 

0642 By inhibiting the enzymes CK1epsilon and/or 
CK1 delta, the compounds that are the subject of the invention 
modulate the circadian periodicity, and may be useful for 
treating circadian rhythm disorders. 
0643. The compounds according to the invention may 
especially be used for the preparation of a medicament for 
preventing or treating sleep disorders; circadian rhythm dis 
orders, especially Such as those caused by jetlag or shift work. 
0644 Among the sleep disorders that are especially dis 
tinguished are primary sleep disorders such as dyssomnia (for 
example primary insomnia), parasomnia, hypersomnia (for 
example excessive Somnolence), narcolepsy, sleep disorders 
related to sleep apnea, sleep disorders related to the circadian 
rhythm and other unspecified dyssomnias, sleep disorders 
associated with medical/psychiatric disorders. 
0645. The compounds that are the subject of the invention 
also cause a circadian phase shift and Such a property may be 
useful in the context of a potential monotherapy or combined 
therapy that is clinically effective in the case of mood disor 
ders. 

0646 Among the mood disorders that are especially dis 
tinguished are depressive disorders (unipolar depression), 
bipolar disorders, mood disorders caused by a general medi 
cal complaint and also mood disorders induced by pharma 
cological Substances. Among the bipolar disorders that are 
especially distinguished are bipolar I disorders and bipolar II 
disorders, especially including seasonal affective disorders. 
0647. The compounds that are the subject of the invention, 
which modulate the circadian periodicity, may be useful in 
the treatment of anxiety and depressive disorders caused in 
particular by an impairment in the secretion of CRF. 
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0648. Among the depressive disorders that are especially 
distinguished are major depressive disorders, dysthymic dis 
orders and other unspecified depressive disorders. 
0649. The compounds that are the subject of the invention, 
which modulate the circadian periodicity, may be useful for 
preparing a medicament for treating diseases related to 
dependency on abuse Substances such as cocaine, morphine, 
nicotine, ethanol and cannabis. 
0650) By inhibiting casein kinase 1 epsilon and/or casein 
kinase 1 delta, the compounds according to the invention may 
be used for preparing medicaments, especially for preparing 
a medicament for preventing or treating diseases related to 
hyperphosphorylation of the tau protein, especially Alzhe 
imer's disease. 
0651. These medicaments also find their use in therapy, 
especially in the treatment or prevention of diseases caused or 
exacerbated by the proliferation of cells and in particular of 
tumor cells. 
0652. As tumor cell proliferation inhibitors, these com 
pounds are useful in the prevention and treatment of liquid 
tumors such as leukemias, Solid tumors that are both primary 
and metastatic, carcinomas and cancers, in particular: breast 
cancer; lung cancer, Small intestine cancer and colorectal 
cancer, cancer of the respiratory pathways, of the oropharynx 
and of the hypopharynx; cancer of the esophagus; liver can 
cer, stomach cancer, cancer of the bile ducts, cancer of the bile 
vesicle, pancreatic cancer; cancers of the urinary pathways 
including the kidney, urothelium and bladder, cancers of the 
female genital tract, including cancer of the uterus, of the 
cervix, of the ovaries, choriocarcinoma and trophoblastoma; 
cancers of the male genital tract, including cancer of the 
prostate, of the seminal vesicles, of the testicles and germinal 
cell tumors; cancers of the endocrine glands, including cancer 
of the thyroid, of the pituitary and of the adrenal glands; skin 
cancers including hemiangiomas, melanomas and sarcomas, 
including Kaposi's sarcoma; brain, nerve, eye or meningeal 
tumors, including astrocytomas, gliomas, glioblastomas, ret 
inoblastomas, neurinomas, neuroblastomas, Schwannomas 
and meningiomas; malignant hematopoietic tumors; leuke 
mias (Acute Lymphocytic Leukemia (ALL), Acute Myeloid 
Leukemia (AML), Chronic Myeloid Leukemia (CML), 
Chronic lymphocytic leukemia (CLL) chloromas, plas 
mocytomas, Tor B cell leukemias, Hodgkin or non-Hodgkin 
lymphomas, myelomas and various malignant hemopathies. 
0653. The compounds according to the invention may thus 
be used for the preparation of medicaments, in particular of 
medicaments for inhibiting casein kinase 1 epsilon and/or 
casein kinase 1 delta. 
0654 Thus, according to another of its aspects, a subject 
of the invention is medicaments comprising a compound of 
formula (I), or an addition salt thereof with a pharmaceuti 
cally acceptable acid, or alternatively a hydrate or solvate of 
the compounds of formula (I). 
0655 According to another of its aspects, the present 
invention relates to pharmaceutical compositions compris 
ing, as active principle, a compound according to the inven 
tion. These pharmaceutical compositions contain an effective 
dose of at least one compound according to the invention or a 
pharmaceutically acceptable salt, a hydrate or Solvate of said 
compound, and also at least one pharmaceutically acceptable 
excipient. 
0656 Said excipients are chosen, according to the phar 
maceutical form and the desired mode of administration, 
from the usual excipients known to those skilled in the art. 
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0657. In the pharmaceutical compositions of the present 
invention for oral, Sublingual, Subcutaneous, intramuscular, 
intravenous, topical, local, intratracheal, intranasal, transder 
mal or rectal administration, the active principle of formula 
(I) above, or the possible salt, solvate or hydrate thereof, may 
be administered in unit administration form, as a mixture with 
standard pharmaceutical excipients, to man and animals for 
the prophylaxis or treatment of the above disorders or dis 
CaSCS. 

0658. The appropriate unit administration forms include 
oral-route forms such as tablets, Soft or hard gel capsules, 
powders, granules and oral Solutions or Suspensions, Sublin 
gual, buccal, intratracheal, intraocular and intranasal admin 
istration forms, inhalation forms, topical, transdermal. Sub 
cutaneous, intramuscular or intravenous administration 
forms, rectal administration forms and implants. For topical 
administration, the compounds according to the invention 
may be used in creams, gels, ointments or lotions. 
0659 By way of example, a unit administration form of a 
compound according to the invention in tablet form may 
comprise the following components: 

Compound according to the invention 50.0 mg 
Mannitol 223.75 mg 
Sodium croscarmellose 6.0 mg 
Corn starch 15.0 mg 
Hydroxypropylmethylcellulose 2.25 mg 
Magnesium stearate 3.0 mg 

0660 Via the oral route, the dose of active principle 
administered per day may range from 0.1 to 20 mg/kg, in one 
or more dosage intakes. 
0661 There may be particular cases in which higher or 
lower dosages are appropriate; such dosages are not outside 
the context of the invention. According to the usual practice, 
the dosage that is appropriate to each patient is determined by 
the practitioner according to the mode of administration and 
the weight and response of said patient. 
0662 According to another of its aspects, the present 
invention also relates to a method for treating the pathologies 
indicated above, which comprises the administration to a 
patient of an effective dose of a compound according to the 
invention, or a pharmaceutically acceptable salt or hydrate or 
solvate thereof. 

What is claimed is: 
1. A compound of the formula (I): 

R8 

R nay2N 
R N - N/ 

- S. 
L-B Z \ 

Sa- R3 
N 

in which 
R represents an aryl group optionally Substituted with one 

or more substituents chosen from halogen atoms, C. 
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alkyl, C. alkyloxy, Ce alkylthio. C fluoroalkyl, 
C-fluoroalkyloxy and —CN: 

R represents a hydrogen atom, C alkyl, —NRRs, 
hydroxyl or C. alkyloxy; 

A represents a group C-2-alkylene optionally substituted 
with one or two groups R; 

B represents a group C 7-alkylene optionally substituted 
with a group R: 

L represents eitheranitrogenatom Substituted with a group 
R or R, or a carbon atom Substituted with a group R. 
and a group R, or two groups R. 

the carbon atoms of A and B being optionally substituted 
with one or more groups Ra which may be identical to or 
different than each other; 

R. R., and R are defined such that: 
two groups R may together form a group C-alkylene; 
R, and R, may together form a bond or a group C 

alkylene; 
R, and R may together form a bond or a group C 

alkylene; 
R, and R may together form a bond or a group C 

alkylene; 
R represents agroup chosen from a hydrogenatom and the 

groups Co-alkyl, C-7-cycloalkyl, C-7-cycloalkyl-C- 
6-alkyl, C-alkylthio-Cio-alkyl, C-alkyloxy-C- 
alkyl, C-fluoroalkyl, benzyl, C-acyl and hydroxy 
Co-alkyl, 

R represents a group —NRRs or a cyclic monoamine 
optionally comprising an oxygen atom, the cyclic 
monoamine being optionally Substituted with one or 
more Substituents chosen from a fluorine atom and the 
groups C-alkyl, C-alkyloxy and hydroxyl, 

two groups R form, with the carbonatom that bears them, 
a cyclic monoamine optionally comprising an oxygen 
atom, this cyclic monoamine being optionally Substi 
tuted with one or more groups Ra which may be identi 
cal to or different than each other; 

R, represents a group C1-c-alkyl, C-7-cycloalkyl, C-7- 
cycloalkyl-C-alkyl, Co-alkyloxy-C-C-alkyl, 
hydroxy-C-alkyl, C-fluoroalkyl or benzyl: 

R and Rs represent, independently of each other, a hydro 
gen atom or a group C alkyl, C-7-cycloalkyl or C-7- 
cycloalkyl-C-alkyl; and 

R7 and Rs represent, independently of each other, a hydro 
gen atom or a group C1-c-alkyl, 

or a salt thereof. 

2. The compound of formula (I) as claimed in claim 1, 
wherein: 
R represents a phenyl group optionally Substituted with 
one or more Substituents chosen from halogenatoms and 
the groups C alkyl, C. alkyloxy or C fluoroalkyl. 

3. The compound of formula (I) as claimed in claim 2, 
wherein: 

R represents a group chosen from a hydrogen atom and a 
group C alkyl, C. alkyloxy or —NRRs, and 
wherein R and Rs representahydrogenatom or a group 
Ca-alkyl. 

4. The compound of formula (I) as claimed in claim 3, 
wherein: 

R represents a group chosen from a hydrogen atom and a 
methyl or methoxy group. 
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5. The compound of formula (I) as claimed in claim 3, 
wherein: 
R represents a group chosen from —NH and dimethy 

lamino. 
6. The compound of formula (I) as claimed in claim 1, 

wherein: 
R, and Rs represent, independently of each other, a hydro 

gen atom or a methyl group. 
7. The compound of formula (I) as claimed in claim 1, 

wherein: 
A represents a group C-7-alkylene; 
B represents a group C-7-alkylene; 
L represents a carbon Substituted with a group R and a 

group R, wherein 
R represents a hydrogen atom; and 
R represents a group NRRs, in which R and Rs repre 

sent, independently of each other, a group C-alkyl, or 
alternatively R represents a cyclic monoamine option 
ally comprising an oxygen atom, the monoamine being 
optionally substituted with one or more groups chosen 
from a fluorine atom or the groups hydroxyl and C 
alkyl. 

8. The compound of formula (I) as claimed in claim 1, 
wherein: 
A represents a group C-, -alkylene optionally substituted 

with one or two groups R; 
B represents a group C-alkylene optionally substituted 

with a group R), 
L represents a nitrogen atom substituted with a group R or 

Ra. 
the carbon atoms of A and B being optionally substituted 

with one or more groups Ra which may be identical to or 
different than each other; 

two groups R may together form a group C-alkylene; 
R, and R, may together form a bond or a group C 

alkylene; 
R, and R may together form a bond or a group C 

alkylene; 
R, and R may together form a bond or a group C 

alkylene; 
R represents a substituent chosen from a group C-alkyl, 

C-7-cycloalkyl, C-7-cycloalkyl-C-alkyl, hydroxy 
Co-alkyl, C-alkyloxy-C-alkyl, C-fluoroalkyl, 
benzyl or C-acyl; and 

R, represents a group Co-alkyl. 
9. The compound of formula (I) as claimed in claim 1, 

wherein: 
A represents a group C2-alkylene; 
B represents a group C-7-alkylene; 
L represents a carbon atom Substituted with two groups 

Re2. 
the carbon atoms of A and B being optionally substituted 

with one or more groups Ra which may be identical to or 
different than each other; 

two groups R form, with the carbonatom that bears them, 
a pyrrolidine, piperidine, morpholine group; and 

R, represents a group Co-alkyl. 
10. The compound of formula (I) as claimed in claim 1, 

wherein: 
R represents a phenyl group optionally substituted with 

one or more Substituents chosen from fluorine and chlo 
rine atoms and the methyl group; 

R represents a hydrogen atom; 
the cyclic amine formed by -N-A-L-B- represents a (+)-3- 

dimethylaminopyrrolidin-1-yl 4-(pyrrolidin-1-yl)pip 
erid-1-yl 4-(morpholin-4-yl)piperid-1-yl 4-(2,6-dim 
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16. A process for preparing a compound of formula (I) as 
claimed in claim 1, comprising: 

reacting a compound of formula (IId): 

(IId) 
Rs 

R nay2N 
R2 N X 

--> 
L-B 

in which R. A. L. B. R., and Rs are as defined in claim 1, 
with a compound of formula (IVd): 

(IVd) 

in which R is as defined according to claim 1 and X 
represents an iodine atom, in the presence of a catalyst 
and a mineral base, and in a polar aprotic solvent. 

17. A process for preparing a compound of formula (I) as 
claimed in claim 1, comprising: 

reacting a compound of formula (IIc): 

(IIc) 
R8 

R nay2N 

/ R. Sa 
A-N N1 

X 
L-B 

in which R, A, L, B, R, and Rs areas defined in claim 1 and 
X represents an iodine or bromine atom, 

with a compound of formula (IVc): 

(IVc) 

in which R is as defined according to claim 1 and M 
represents a trialkylstannyl group or a dihydroxyborylor 
dialkyloxyboryl group. 

18. A process for preparing a compound of formula (I) as 
claimed in claim 1, in which R represents a hydrogenatom or 
a group C1-s-alkyl, comprising: 
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a) reacting a compound of formula (IId): 

(IId) 
R8 

R nay2N 

X N N 

- S. 
L-B 

in which R, A, L, B, R, and Rs are as defined in claim 1, 
with a compound of formula (IVe): 

Cy 
N 

(IVe) 

in which R represents a hydrogen atom or a group C 
alkyl, in the presence of an alkyl chloroformate, to 
obtain a compound of formula (IIe): 

(IIe) 
R8 

R nay2N 
R N -N/ 

A-N N1 

L-B \ 
\ R3 

N 

Et 
O 

O 

in which R, A, L, B, R, and Rs areas defined in claim 1 and 
in which R represents a hydrogen atom or a group 
C-alkyl; and 

b) reacting the product of formula (IIe) obtained in step a) 
with an oxidizing agent to obtain a compound of formula 
(I) as claimed in claim 1 and in which R represents a 
hydrogen atom or a group C-alkyl. 

19. A pharmaceutical composition comprising a com 
pound of formula (I) as claimed in claim 1 or a pharmaceu 
tically acceptable salt thereof and at least one pharmaceuti 
cally acceptable excipient. 

20. A pharmaceutical composition comprising a com 
pound of formula (I) as claimed in claim 13 or a pharmaceu 
tically acceptable salt thereof and at least one pharmaceuti 
cally acceptable excipient. 

21. A method for treating a sleep disorder or a circadian 
rhythm disorder in a patient comprising administering to said 
patient a therapeutically effective amount of a compound of 
formula (I) as claimed in claim 1 or a pharmaceutically 
acceptable salt thereof. 

22. A method for treating a sleep disorder or a circadian 
rhythm disorder in a patient comprising administering to said 
patient a therapeutically effective amount of a compound of 
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formula (I) as claimed in claim 13 or a pharmaceutically 24. A method for treating a disease associated with a 
acceptable salt thereof. dependence on Substance abuse in a patient comprising 

23. A method for treating a disease associated with a administering to said patient a therapeutically effective 
dependence on Substance abuse in a patient comprising amount of a compound of formula (I) as claimed in claim 13 
administering to said patient a therapeutically effective or a pharmaceutically acceptable salt thereof. 
amount of a compound of formula (I) as claimed in claim 1 or 
a pharmaceutically acceptable salt thereof. ck 


